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DEDICATION 

This  book  is  respectfully  dedicated  to  all  voicers  of 
organ  reeds,  both  past  and  present,  of  every  nationality. 


PREFACE 

Of  all  the  sound  producing  parts  of  a  pipe  organ  the  Reed  has 
had  the  least  attention  paid  to  its  inner  working  by  the  scientist, 
and  such  information  as  has  hitherto  been  published  in  text  books 
on  the  physical  aspect  of  sound  is  disappointingly  meagre  and  not 
invariably  correct.  For  this  reason  the  authors  of  this  little  book 
have  ventured  to  contribute  further  data  on  the  subject  and  it  is 
hoped  that  this  may  prove  of  interest  to  the  organ  lover.  We  do 
not  claim  to  have  provided  an  exhaustive  treatise  on  the  properties 
of  the  organ  reed;  indeed  it  would  have  been  easily  possible  to 
double  or  treble  the  size  of  this  book  by  incorporating  much  addi- 
tional matter  relating  to  the  actual  tone-qualities  of  reed  stops  as 
heard  in  hundreds  of  organs,  ancient  and  modern;  but  for  informa- 
tion of  this  kind  the  reader  can  safely  be  recommended  to  consult 
the  many  excellent  treatises  that  every  organ  enthusiast  should 
possess,  and  in  which  this  class  of  data  is  lavishly  supplied.  Our 
intention  has  been  to  cover  fresh  ground  and  to  give  the  results  of 
actual  experiments  conducted  both  from  the  scientific  and  the 
aesthetic  aspect,  avoiding  the  temptation  to  make  statements  un- 
supported by  practical  experience  or  unverified  by  scientific  test. 

It  will  be  observed  that  what  is  known  as  the  "striking  reed"  has 
been  singled  out  for  almost  exclusive  attention.  There  is  good 
reason  for  this,  since  the  "free  reed"  is  no  longer  in  favour  with  the 
modern  organ  builder  and  organist  and  is  only  recognized  as  a 
substitute  for  the  organ  pipe  in  very  exceptional  cases.  The  free 
reed  is  of  course  still  employed  as  a  sound  producer  in  the  pressure 
type  harmonium  and  the  suction  type  "American  Organ"  but  such 
instruments  as  these  are  beyond  the  scope  of  this  small  book  which 
is  limited  to  the  class  of  reed  found  in  the  modern  pipe  organ. 

It  is  sincerely  hoped  that  the  contents  of  the  chapters  which 
follow  will  not  only  provide  interesting  reading,  but  will  also 
stimulate  other  research  workers  to  carry  out  further  experiments 
in  the  same  field  and  thus  advance  the  evolution  of  the  organ  reed 
a  stage  further  in  the  direction  of  the  ideal. 

N.B-H&H.  W.  H. 
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INTRODUCTORY  FOREWORD 

When  the  Rev.  Bonavia-Hunt  invited  me  to  write  an  intro- 
ductory foreword  to  this  treatise  concerning  the  organ  reed,  I 
accepted  with  both  alacrity  and  pleasure.  For  to  me,  one  of  the 
most  important  subjects  in  organ  building  is  here  treated.  After 
all,  reed  tone  can  be  made  to  be  the  most  interesting  and  character- 
istic of  any  tone  in  the  organ,  when  the  reeds  are  well  made  and 
voiced. 

Mv  recent  contacts  with  Mr.  Hunt  have  unfortunatelv  been 
merely  by  correspondence.  On  the  occasions  of  my  visits  to 
England  in  1927  and  1932,  I  had  several  stimulating  visits  with 
him.  I  grew  greatly  to  respect  his  vast  store  of  knowledge,  experi- 
ence with,  and  observation  of  organs.  In  my  own  work,  "The 
Contemporary  American  Organ"  there  is  no  author  whom  I  quoted 
with  more  satisfaction  than  Mr.  Hunt. 

This  familiarity  with  a  number  of  his  works  on  organ  building, 
as  for  example,  "The  Church  Organ",  "Studies  in  Organ  Tone", 
and  "The  Modern  British  Organ"  enables  me  to  make  the  state- 
ment that  Mr.  Hunt  is  not  only  a  practical  voicer,  but  that  he  has 
the  ability  to  describe  what  he  knows  in  clear  English;  such  a 
combination  is  as  rare  as  it  is  valuable  in  discussing  so  technical  a 
subject  as  the  construction  and  voicing  of  organ  reeds. 

"The  Organ  Reed"  naturally  suggests  some  consideration  of 
the  men  who  make  and  voice  them.  At  this  point  I  should  like  to 
pay  tribute  to  three  outstanding  reed  voicers  whom  I  have  known, 
and  whose  methods  were  familar  to  me  by  personal  observation  of 
them.  All  three  have  sometime  ago  removed  to  the  eternal  habita- 
tions, so  that  I  may  mention  them  by  name  without  causing  hard 
feelings  or  jealousy.  A  most  distinguished  exponent  of  the  art  was 
Mr.  Frederick  Brockbank,  whose  solo  reeds,  in  my  opinion,  did 
more  than  anything  else  to  put  the  Skinner  organ  in  the  forefront 
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of  American  builders.  His  solo  and  orchestral  imitative  reeds  have 
never  been  matched,  so  far  as  1  know,  for  pure  tonal  beauty  and 
imitative  qualities.  Another  was  Mr.  George  Michel  of  W.  W. 
Kimball  Co.,  whose  reeds,  produced  with  such  loving  and  extreme 
care  and  patience,will  long  continue  to  sing  his  praises  now  that  he 
has  gone.  A  third  was  Mr.  Richard  Whitelegg  of  M.  P.  Moller,  Inc. 
whose  specialty  was  chorus  reeds.  He  gave  new  impetus  to  modern 
chorus  reed  voicing  in  America.  Mr.  Brockbank  and  Mr.  White- 
legg learned  their  art  in  England,  while  Mr.  Michel  learned  all 
he  knew  in  the  Kimball  factory  in  Chicago.  A  great  reed  voicer, 
now  about  retired,  at  the  age  of  88  is  Anton  Gottfried,  who  learned 
his  art  in  Germany.  In  my  opinion,  he  was  the  best  of  the  reed 
voicers  for  the  trade. 

The  present  generation  of  American  reed  voicers,  many  of 
whom  are  highly  proficient,  are  not  mentioned  for  tactful  reasons. 
It  is  the  younger  generation  of  reed  voicers,  now  learning  their 
art,  in  whom  we  are  chiefly  interested,  especially  the  opportunity 
afforded  these  men  to  gain  by  the  important  and  valuable  informa- 
tion contained  in  this  book.  It  is  naturally  of  primary  interest  to 
these  students  of  the  art,  and  not  to  the  older  men  who  may  feel 
that  they  know  all  that  they  want  or  need  to  know,  and  refuse  to 
do  any  new  thinking  or  learn  any  thing  new,  but  are  content  to 
merely  "rearrange  their  prejudices".  Serious  organists  and  other 
students  of  organ  building  will  also  gain  by  reading  this  book. 

Some  of  the  knowledge  that  the  four  greatest  reed  voicers  I  have 
known,  mentioned  above,  has  doubtless  been  imparted  to  their 
associates.  But  there  are  many  builders  in  America  and  abroad 
who  may  never  have  had  the  benefit  of  such  great  exponents  of  the 
art  connected  with  their  firm.  It  is  for  these  builders  that  this 
book  will  prove  a  boon  and  a  blessing,  in  aiding  them  to  train 
competent  reed  voicers. 

Mr.  Hunt  deals  with  the  practical  aspects  of  reed  voicing,  and 
also  wrote  the  appendices  and  "inside  information"  on  the  subject 
of  reed  pipe  construction.  Much  information,  hitherto  unpub- 
lished and  unavailable  is  furnished,  as  well  as  photographs  and 
diagrams  of  the  most  important  processes.  Mr.  Homer's  contribu- 
tion to  the  book  is  purely  "scientific",  but  contains  original  research 
data,  of  great  value  in  adding  to  our  store  of  knowledge.    It  will 
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well  repay  the  student  of  reed  voicing  to  read  this  part  of  the  book 
and  thus  add  to  his  knowledge  of  the  scientific  principles  involved. 
All  those,  who  like  myself  have  had  a  lifelong  interest  in  the 
art  of  organ  building,  will  be  eternally  grateful  to  the  authors  of 
this  treatise  for  taking  the  trouble  to  make  an  important  aspect  of 
organ  building  more  definitely  clear  than  it  has  ever  been  before. 
My  respects  and  admiration  are  herewith  heartily  given  to  them. 

William  H.  Barnes,  Mus.  D. 


Part  One 

THE  VOICING  AND  USE  OF 

REED  PIPES 
BY 

Noel  A.  Bonavia-Hunt,  M.A. 


CHAPTER   I 

REEDS  AND  THEIR  USES 

It  has  been  contended  by  purists  that  reeds  form  no  essential 
part  of  the  classical  organ  of  tradition,  and  the  Ambrosian  rite 
forbids  their  use  in  the  accompaniment  of  Divine  Service.  But 
there  are  few  indeed  today,  as  I  write,  who  would  be  willing  to 
support  this  contention.  It  is  true  that  an  organ  can  be  built  with- 
out reeds  for  its  pipes,  but  it  is  equally  true  that  no  modern  organist 
would  be  content  with  such  an  instrument.  Moreover,  we  possess 
in  the  organ  'striking'  reed  a  sound-producer  peculiar  to  organ 
building— a  very  potent  argument  in  support  of  its  recognition  as 
a  basic  constituent  of  the  modern  organ.  So  we  will  not  occupy 
further  valuable  space  in  defending  the  use  of  the  organ  reed  but 
will  proceed  to  the  real  subject  of  this  part  of  our  book,  namely  its 
voicing  and  treatment. 

1 .  First  of  all,  however,  it  will  be  desirable  to  enumerate  the 
various  types  of  reed  pipe  which  our  organ  builders  have  of  their 
ingenuity  introduced  into  the  organ.  These  types  are  classifiable 
into 

I.  Classic  and  II.  Romantic  types. 

I.    Classic  Reeds 

These  comprise  all  chorus  reeds  as  well  as  those  which 
have  been  employed  as  integral  ingredients  in  the  architectural 
edifice  of  the  organ.  The  normal  types  are:-  Trumpet,  posaune, 
tuba,  fagotto,  trompette,  cornopean,  tromba,  echo  trumpet.  (See 
Fig.  1A.) 

The  abnormal  types  are:-  Rohr  schalmei,  apfel  regal,  barpfeife, 
krummhorn,  rankett,  dulzian,  fliigel  horn,  waldhorn,  euphone. 
These  are  largely  employed  in  "baroque"  schemes.   (See  Fig.  IB.) 
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II.     Romantic  Reeds 

These  are  the  oboe  and  bassoon,  clarinet,  musette,  kinura, 
French  horn,  cor  anglais,  vox  humana.   (See  Fig.  2.) 

In  both  types  I  and  II  the  reeds  are  capable  of  being  used  in  16 
ft,  8  ft,  and  4  ft.  pitches,  though  more  often  than  not  different 
names  are  assigned  to  these  pitches,  e.g.  double  trumpet  or  trom- 
bone 16  ft,  trumpet  8  ft.,  clarion  4  ft. 

On  the  pedal  they  can  be  used  in  32  ft.,  16  ft.,  8  ft.,  and  4  ft. 
pitches.  2  ft.  reeds  are  also  found  in  the  more  luxurious  schemes 
but  are  largely  composed  of  flue  pipes,  as  indeed  are  the  great 
majority  of  clarions  (4  ft.)  above  their  middle  range. 

The  general  appearance  of  a  specimen  pipe  of  each  type  is  seen 
in  the  accompanying  diagrams. 

2.  We  next  proceed  to  indicate  in  what  way  the  normal  classic 
types  of  reed  may  be  used  in  the  building  up  of  an  organ  tonal 
scheme.  It  must  be  borne  in  mind  that  the  Romantic  type  are  not 
essential  to  the  ensemble  of  an  organ,  but  are  only  introduced  for 
special  effects  or  for  solo  use. 

First  and  foremost  in  the  list  comes  the  trumpet.  This  is  what 
we  call  the  normal  chorus  reed,  neither  too  fiery  nor  too  dull  in 
tone.  Its  harmonic  development  is  normal  in  that  the  train  of 
overtones  is  such  as  to  prevent  too  much  acidity  and  at  the  same 
time  too  much  alkalinity.  The  trumpet— in  organ  builders'  par- 
lance—must not  be  too  "free"  or  too  "close".  If  it  is  too  free  and 
acid  in  quality  it  becomes  a  trompette— the  French  type;  if  too  close 
and  alkaline  it  becomes  a  tromha,  with  a  strong  tendency  in  the 
direction  of  French  horn  tone.  The  trumpet  stands  in  the  middle 
stratum  between  the  two  extremes  of  tone.  Such  are  the  historic 
trumpets  of  Father  Willis,  for  instance. 

The  posaune  is  really  a  trumpet  of  somewhat  larger  and  broader 
tone,  bridging  the  gap  between  the  normal  trumpet  and  the  power- 
ful tuba. 

The  tuba  is  the  most  powerful  of  the  reeds  and  may  be  either 
a  huge  trumpet  or  a  huge  tromba  according  to  its  treatment  as  a 
free  or  close  reed  (relatively  that  is.) 

The  tromba  is  a  close-toned  trumpet,  but  not  a  horn  (q.v.) 

The  trompette  is  a  very  free-toned  trumpet. 
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The  cornopean  is,  or  ought  to  be,  a  close-toned  trumpet  and 
differentiated  from  the  tromba  by  having  its  tubes  ''capped"  at  the 
top  with  slots  cut  out  just  below  the  cap  (to  enable  the  pipe  to 
speak.)  Many  cornopeans  in  old  organs,  however,  are  just  trum- 
pets with  rather  free  tone  and  having  large-scaled  tubes  to  ensure 
adequate  power  on  low  pressure.  Such  reeds  are  also  labelled 
"horn"  in  many  cases— quite  incorrectly. 

The  fagotto  is  a  moderately  loud,  rather  close-toned  reed,  often 
capped  at  the  top  of  its  tube. 

The  echo  trumpet  is  a  minor  edition  of  the  normal  trumpet. 

There  is  also  the  tuba  minor,  a  tuba  giving  an  output  between 
that  of  a  normal  trumpet  and  a  normal  tuba.  The  difference 
between  some  examples  of  tuba  minor  and  the  posaune  would  be 
somewhat  difficult  to  explain! 

This  is  the  list  of  normal  types.  What  of  their  use? 

The  normal  trumpet,  16  ft.,  8  ft.,  and  4  ft.,  is  intended  for  either 
or  both  the  great  and  swell  organs;  the  former  unenclosed,  the  latter 
enclosed.  This  was  Father  Willis's  normal  practice.  Many  modern 
builders  prefer  to  introduce  a  contrast  between  the  two  reed 
choruses,  choosing  a  smoother  type  for  the  great,  e.g.  trombas, 
16  ft.,  8  ft.,  and  4  ft.  And  some  have  preferred  trompettes  for  the 
swell.  While  a  contrast  is  good  and  desirable  it  must  not  be  over- 
done. Moreover,  it  is  permissible  to  employ  variety  in  the  actual 
16  ft.,  8  ft.,  and  4  ft.  family  itself,  e.g.  contra  posaune,  16  ft., 
trompette  8  ft.,  trumpet  octave  (or  normal  clarion)  4  ft.  in  the 
swell.  Also  on  the  great:  contra  waldhorn,  16  ft.  (a  smooth-toned 
tromba),  trumpet  (normal)  8  ft.,  clarion  (normal)  4  ft.  A  certain 
school  of  tonal  architects  is  opposed  to  chorus  reeds  on  the  great 
which  is  essentially  a  "diapason  organ",  and  I  am  in  sympathy  with 
this  except  in  the  case  of  large  organs.  The  swell  is  fundamentally 
a  reed  organ  and  should  always  have  priority  in  the  allocation  of 
reed  tones.  It  is  not  necessary  to  design  every  swell  organ  alike,  and 
nothing  could  be  so  absurd  as  to  postulate  trompettes  or  trumpets 
as  the  only  suitable  types,  so  long  as  the  close-toned  variety  is 
barred.  The  reason  for  excluding  the  latter  is  that  pipes  enclosed 
in  a  box  lose  a  certain  percentage  of  their  harmonics  as  heard  hy 
listeners  outside  the  box,  and  it  is  most  desirable  that  the  opening 
of  the  swell  shutters  should  produce  a  thrilling  change  of  tonal 
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effect  by  setting  free  the  semi-imprisoned  harmonics.  One  cannot 
achieve  this  result  with  trombas,  fagottos,  horns  or  cornopeans, 
only  with  trumpets  and  trompettes.  There  is  a  definite  limit  to 
the  truncation  of  harmonics  permissible  in  this  respect. 

If  chorus  reeds  are  added  to  the  great,  too  much  'closeness" 
must  be  avoided,  since  the  limitation  of  harmonic  development 
makes  the  reed  a  bad  blender  with  the  flue  chorus,  especially  with 
the  upperwork  and  mutation  ranks.  Therefore,  while  trombas 
are  not  de  trop,  they  should  be  voiced  with  a  certain  degree  of 
harmonic  freedom  bordering  closely  on  the  normal  trumpet  quality. 

Trombas  in  8  ft.  pitch  are  happiest  in  the  solo,  choir  or  bombarde 
divisions  of  a  large  organ:  in  16  ft.  pitch  they  can  go  almost  any- 
where except  in  u\e  swell  of  a  normal-sized  instrument,  provided 
the  other  reeds  are  suitably  designed  to  match  the  close  16  ft.  tone. 
The  4  ft.  tromba  (or  octave  tromba)  is  only  suitable  in  combina- 
tion with  its  unisonal  parent:  nothing  is  worse  than  a  smooth- 
toned  clarion  to  cap  a  normal  trumpet,  let  alone  a  trompette.  One 
might  as  well  employ  flue  pipes  from  tenor  C  and  save  the  trouble 
of  making  and  voicing— and  keeping  in  tune— a  4  ft.  reed. 

The  fagotto  is  very  useful  as  a  small-toned  chorus  reed  in  1 6  ft. 
and  8  ft.  pitch  for  the  swell.  Organists  like  to  have  at  their  disposal 
a  secondary  reed  chorus,  less  powerful  than  the  main  choruses, 
and  for  this  purpose  the  fagotto  is  the  reed  par  excellence.  The 
16  ft.  fagotto  may  be  capped  (see  Fig.  1A)  while  the  8  ft.  stop  is 
best  kept  open  and  voiced  to  give  a  somewhat  freer  tone  though 
not  quite  that  of  the  echo  trumpet. 

The  echo  trumpet  can  also  provide  an  excellent  miniature  swell 
chorus  reed  in  all  pitches;  and  it  is  frequently  allocated  to  the  choir 
organ  to  top  a  miniature  flue  chorus,  especially  if  low  wind 
pressure  and  small  scaling  are  employed. 

The  tuba  is  obviously  a  reed  for  the  large  organ  or  the  organ 
designed  for  a  large  building.  It  is  essentially  a  solo  organ  voice, 
though  it  is  customary  to  arrange  for  it  to  be  coupled  to  the  great 
for  the  full  organ  effect.  Contra  tuba  16  ft.,  tuba  8  ft.,  and  tuba 
clarion  4  ft.,  make  the  complete  family  for  the  solo  or  bombarde 
division. 

The  above  are  manual  stops.  On  the  pedal  we  may  have  ophi- 
cleide  16  ft.  (the  normal  trumpet  type),  trombone  16  ft.,  fagotto 
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16  ft.  tuba  16  ft.  These  can  also  be  employed  in  32  ft,  8  ft.,  4  ft. 
and  2  ft.  pitches— usually  by  means  of  'extension''  and/or  "dupli- 
cation". 

The  vast  majority  of  organs  in  Great  Britain  have  reedless 
pedals,  and  a  real  gap  is  introduced  thereby  into  the  tonal  scheme. 
The  addition  of  a  1 6  ft.  pedal  reed  makes  an  enormous  difference 
to  the  effect  of  manual  combinations.  Supposing  we  play  a  chord 
of  eight  parts  on  the  great  8  ft.  diapason  with  appropriate  flue  pedal 
basses  drawn,  and  then  add  the  16  ft.  pedal  reed  (also  of  suitable 
power  and  quality):  the  total  effect  is  completely  revolutionized. 
The  manual  work  has  something  very  definite  to  "sit  upon"— there 
is  a  sensation  of  "through th"  as  if  another  dimension  had  been 
added.  We  in  England  have  been  slow  to  recognize  the  truth  of 
this,  to  our  shame.  The  Continental  and  American  builders  have 
always  known  better. 

To  the  above  list  of  classic  pedal  reeds  should  be  added  the 
French  type,  which  I  shall  call  the  "contre  trompette",  because  the 
very  low  notes  of  this  reed  do  in  fact  carry  down  the  true  trompette 
characteristic  quality.  How?  By  omitting  all  weights  from  the 
tongues  and  letting  the  tongues  vibrate  at  maximum  length  for 
the  given  note.  There  are  not  many  examples  in  English  organs* 
but  those  at  the  Oratory,  Brompton  Road,  London,  may  be  quoted. 
The  Aeolian-Skinner  Company  in  America  also  favour  the  type. 

3.  The  abnormal  classic  types,  (thus  named  because  they  are 
non-imitative),  are  those  employed  in  the  so-called  "baroque" 
schemes.  The  original  1 7th  century  models  have  been  resurrected 
and  reconstructed  for  the  purpose  of  playing  their  part  in  an  old- 
new  type  of  organ.  The  name  of  G.  Donald  Harrison  will  always 
be  associated  with  this  "revolution."  The  basic  characteristics  of 
these  reeds  are 

(1)  restricted  power  output; 

(2)  low  pressure  voicing; 

(3)  attenuated  fundamental  harmonic; 

(4)  careful  allocation  to  the  appropriate  tonal  division. 
Thus,  the  krummhorn  (or  cromorne)  is  usually  an  8  ft.  or  4  ft.  reed 
of  broad,  yet  lively  clarinet  quality  designed  for  the  swell  and  the 
positive  divisions,  also  for  the  pedal. 

The  rohr  schalmei  has  a  purer  and  thinner  tone  than  the 
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krummhorn  and  is  usually  employed  in  8  ft.  and  4  ft.  pitch 
on  the  great. 

The  rankett,  8  ft.  and  4  ft.  has  a  rather  smothered  tone  of 
clarinet  type  and  can  be  used  in  any  secondary  division.  Since, 
at  present  at  any  rate,  these  particular  reeds  are  not  in  gen- 
eral use  in  my  own  country,  I  do  not  feel  qualified  to  enlarge 
further  on  their  treatment.  In  any  case,  if  and  when  they  do 
invade  our  shores,  their  use  in  the  playing  of  organ  music  will 
presumably  be  confined  to  the  programmes  of  polyphonic  com- 
positions. 

4.  The  Romantic  type  of  reed  is  chiefly  intended  for  the 
modern  Romantic  school  of  composition,  with  its  solo  passages,  and 
special  tonal  effects.  They  are  supposed  to  be  imitative  of  their 
orchestral  prototypes,  though  their  makers  are  not  always  true 
copyists.  The  average  organist  probably  knows  as  much  about 
them  as  I  do!  I  need  not,  therefore,  attempt  to  describe  their 
distinctive  tonal  qualities. 

There  are  two  kinds  of  oboe,  one  the  very  familiar  type  that 
organists  and  builders  alike  will  put  into  the  swell  organ— a  kind  of 
small  horn— and  the  "imitative"  type  belonging  to  the  solo  organ. 
There  is  also  a  freer-toned  type  of  common-or-garden  oboe  with 
echo  trumpet  quality.  The  latter  is  the  best  for  solo  work  especially 
if  used  with  the  tremulant,  as  its  tone  is  decidedly  attractive.  The 
close-toned  variety  is  so  very  ineffective  when  heard  at  a  distance, 
losing  much  of  its  personality  and  plaintive  character.  The  orches- 
tral oboe  has  a  distinctive  piquancy,  the  voicer's  object  being  to 
obtain  as  thin  a  tone  as  possible.  While  this  is  almost  invariably 
used  for  solo  work  (though  it  can  be  played  in  chords),  the 
ordinary  "swell  oboe"  is  much  in  request  for  both  solo  and  chordal 
use,  but  it  does  not  properly  belong  to  the  classic  chorus  because  of 
its  hybrid  character.  The  same  criticism  applies  to  the  clarinet, 
which  can  also  be  played  in  chords  but  really  forms  no  integral 
part  of  the  chorus.  However,  a  good  case  can  be  made  for  the 
inclusion  of  the  double  oboe  and  clarinet  as  1 6  ft.  chorus  units  in 
a  small  organ,  though  theoretically  their  place  should  be  taken  by 
the  fagotto,  dulzian,  fliigel  horn  and  krummhorn.  The  "contra 
hautboy"  of  Father  Willis  was  a  wonderful  stop  and  much  used 
in  his  famous  swell  organs  at  one  period  of  his  career.   But  it  was 
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treated  as  a  chorus  reed  in  miniature  rather  than  as  an  oboe,  though 
it  consisted  of  oboe  pipes.  It  cannot  be  too  clearly  grasped  that  the 
lower  octaves  of  reed  pipes  lose  much  of  the  distinctive  character 
indicated  by  their  name  and  that  they  are  thus  able  to  defy  the 
rules  laid  down  for  their  upper  octaves.  The  modern  bass  of  the 
oboe  is  the  bassoon,  the  pipes  having  no  "bells"  fitted  at  the  top. 
(See  Fig.  2,  oboe  pipe.) 

The  musette  is  a  rather  useless  reed,  actually  a  very  emaciated 
type  of  clarinet  pipe,  thin  in  scale  and  thin  in  tone.  Here  I  may 
perhaps  be  allowed  to  express  the  opinion  that  reducing  the  normal 
scale  of  the  cylindrical  tube  of  a  clarinet  type  invariably  results  in 
poor  quality— ultra-nasality,  in  fact.   However,  chacun  a  son  gout. 

The  same  criticism  applies  to  the  kinura,  with  its  "bee  in  a 
bottle"  tone,  which  may  possibly  please  certain  tastes,  but  is  at 
best  an  expensive  luxury. 

The  cor  anglais,  on  the  other  hand,  well  deserves  recognition 
since  it  possesses  a  unique  quality  and  is  at  the  same  time  most 
attractive  as  a  solo  voice.  There  are  various  brands  offered  us 
by  organ  builders,  some  fatter,  others  thinner;  but  all  are  beautiful 
in  their  own  way.  All  are  fitted  with  "bells"  of  some  kind:  the 
original  type  had  a  double  bell  (see  Fig.  2). 

The  French  horn  is  the  "closest"  of  all  reeds,  being  voiced  to 
this  end  with  extra  large  shallots  to  curb  the  overtones  and  empha- 
sise the  fundamental.  Some  builders  like  to  employ  a  very  high 
pressure  of  wind  for  their  examples  in  order  (presumably)  to  get 
the  minimum  of  vibrating  length  on  the  tongues  short  of  causing 
the  pipe  to  blow  up  to  a  harmonic.  This  is  how  "close-tone"  is 
obtained  from  a  reed  pipe.  A  very  high  pressure,  however,  is  not 
really  necessarv:  excellent  results  are  obtainable  with  6  in.  wind. 
This  kind  of  tone  is  intended  to  be  used  in  imitation  of  the  orches- 
tral instrument  and  to  enable  the  organist  to  "orchestrate"  French 
horn  passages  where  such  are  indicated.  The  name  of  E.  M.  Skin- 
ner comes  to  mind  in  connection  with  this  reed. 

The  vox  humana  is  really  a  reed  with  the  minimum  of  resonator 
control;  I  have  even  encountered  a  specimen  that  possessed  no 
tubes  at  all!  The  best  examples  are  fitted  with  tubes  from  an 
eighth  to  a  third  of  the  full  normal  speaking  length  in  accordance 
with  the  kind  of  quality  aimed  at.    Might  I  humbly  suggest  to 
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organ  builders  that  when  the  next  order  comes  for  a  vox  humana 
they  try  the  effect  of  a  quarter  or  a  third  length  tube  fitted  with 
cardboard  sleeves  slightly  wider  in  diameter  than  the  tube?  This 
kind  might  seldom  need  tuning  if  my  own  experience  with  a 
similarly  treated  clarinet  (half-length  tube)  is  of  any  account:  the 
latter  has  not  been  tuned  for  over  a  year  and  obstinately  refuses  to 
go  out  of  tune.  The  vox  humana  is  obviously  a  solo  stop,  with 
tremulant;  less  obviously  a  "condiment  tone '  for  seasoning  strings 
and  celestes  and  other  like  effects.  Just  as  the  new  "baroque" 
chorus  reeds  are  requisitioned  to  colour  the  flue  chorus,  so  the 
vox  humana  may  be  resorted  to  for  a  similar  function  in  associa- 
tion with  the  romantic  flue  stop  combinations,  if  it  is  suitably 
voiced  for  the  purpose,  as  it  can  be. 

All  the  above  reeds  can  be  supplied  in  16  ft.  and  8  ft.  pitches, 
but  only  the  oboe  and  clarinet  are  really  worth  so  treating.  The 
bassoon  is  often  a  fagotto  in  that  it  possesses  no  oboe  bells,  but  just 
a  plain  conical  tube  of  small  scale,  with  or  without  caps.  One  can 
never  be  quite  sure  what  an  organ  builder  has  provided  until  the 
stop  in  question  is  tried  and  duly  noted  for  what  it  really  is.  Ro- 
mantic reeds  are  not  of  much  value  in  4  ft.  pitch,  not  even  the 
oboe;  present  prices  have  driven  such  fancies  out  of  court.  Octave 
coupling  will  give  them  if  desired. 

Finally,  it  is  hardly  necessary  to  state  that  the  classic  reed  should 
take  precedence  of  the  romantic,  since  the  chorus  builder  is  the 
more  important.  At  the  same  time,  the  romantic  reed  should  not 
be  elbowed  out  as  if  it  were  an  outcast  not  to  be  tolerated  in  decent 
society.  Bread  is  the  staff  of  life,  and  yet— one  likes  a  cake  or  two 
at  times.  All  cake  and  no  bread  is  as  intolerable  as  all  bread  and 
no  cake.  Organists  and  organ  builders,  be  reasonable!  See  to  it 
that  the  swell  reed  chorus  and  the  pedal  reed  are  first  provided: 
then  spare  a  thought  to  the  romantic  needs  of  the  player  before 
adding  further  chorus  reeds  to  the  great  and  choir  Let  him  at 
least  have  his  clarinet  and/or  oboe,  if  possible.  To  organ  builders 
1  would  say:  be  sure  and  give  the  clarinet  a  really  distinctive, 
woody  timbre  and  the  oboe  a  sufficiency  of  harmonics  to  ensure 
that  its  tone  may  possess  that  unique  plaintiveness  which  alone 
makes  it  so  irresistible  as  a  solo  voice.  The  chorus  reeds  I  can  safely 
leave  to  your  tender  and  loving  care. 


CHAPTER   II 

THE  PARTS  OF  A  REED  PIPE 

We  now  have  to  examine  more  closely  the  reed  pipe  as  an 
integrated  mechanism  and  see  what  are  the  various  parts  of  which 
it  consists.  The  following  is  a  list  of  these  parts :- 

1 .  Shallot. 

2.  Tongue  (or  vibrator) 

3.  Weight  (or  load  on  tongue) 

4.  Wedge. 

5.  Tuning  Spring  (or  wire) 

6.  Block. 

7.  Block-hole. 

8.  Boot. 

9.  Socket. 

10.  Tube  (or  resonator) 

1 1 .  Headpieces  of  various  kinds. 

12.  Slot  and  tuning  tongue. 

Nos.  1  to  9  are  illustrated  in  Fig.  12B  (see  also  the  Frontis- 
piece).  I  propose  to  deal  with  each  in  turn. 

1 .  The  shallot  is  a  small  tubular  resonator  of  brass  open  at  one 
end  and  closed  at  the  other,  with  an  orifice  cut  out  from  its  side. 
If  the  reader  glances  at  the  six  different  types  of  shallot  shown  in 
Fig.  3,  he  will  observe  that  the  orifice  is,  with  one  exception, 
triangular  in  shape.  The  orifice  is  covered  by  the  vibrating  tongue 
(q.v.)  and  may  be  of  varied  size  according  to  the  type  of  tone 
produced.  The  different  varieties  of  shallot  are  distinguishable 
thus:- 

A.  trumpet  C.     orchestral  oboe 

B.  clarinet  D.     trompette  (1) 

E.  trompette  (2) 

F.  tromba  and  horn.      (See  Fig.  3.) 
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Generally  speaking  the  larger  the  orifice  the  greater  the  har- 
monie  development  and  the  louder  the  tone.  But  this  assumes  that 
the  shallot  itself  is  of  normal  dimensions.  Type  C,  for  instance,  is 
of  narrow  construction  and  consequently  favours  a  thin  tone  with 
plenty  of  harmonics.  The  harmonic  development  is  least  with  type 
B  and  greatest  with  type  E,  while  with  type  A  it  may  be  said  to  be 
normal.  Type  F  is  the  "filled  in"  shallot  invented  by  Vincent 
Willis:  note  the  cap  or  plate  fitted  at  the  head  of  the  shallot  so  as 
to  transfer  the  base  of  the  orifice  to  a  point  higher  up  the  shallot 
face.  This  has  the  effect  of  reducing  the  harmonics  and  increasing 
the  strength  of  the  first  harmonic  or  fundamental.  The  chief 
difference  between  B  and  F  lies  in  the  power  obtainable.  A  small 
stunted  orifice  like  that  of  B  does  not  favour  the  production  of 
great  power:  it  is  useful  for  reeds  of  the  clarinet  and  oboe-horn 
type.  Larger  editions  of  A  and  F  can  be  employed  for  the  tuba.  E 
is  known  as  the  "open  shallot",  because  the  orifice  is  open  all  the 
way  up,  while  D  is  a  compromise  between  the  open  and  closed 
types  and  is  particularly  recommended  for  the  swell  trompette. 

Shallots  are  naturally  scaled  to  size  according  to  the  particular 
pipe  they  ^re  designed  to  fit.  The  shallot,  for  instance,  of  the 
bottom  pipe  of  the  16  ft.  trombone  will  measure  6  in.  in  length 
with  a  diameter  at  the  base  of  1  in.,  while  that  of  the  top  C  of  an  8 
ft.  trumpet  will  measure  1  in.  in  length  with  a  lA  in.  diameter  at  its 
base;  and  the  latter  size  is  by  no  means  the  smallest  made.  The 
relative  scaling  of  sizes  follows  a  definite  order  of  progression  from 
note  to  note  and  octave  to  octave,  just  as  do  all  the  parts  of  an  organ 
pipe  in  order  that  each  individual  pipe  may  take  its  proper  place  in 
the  scheme  of  a  complete  rank  or  stop.  Thus  the  shallots  are  scaled 
in  length,  cross-section  of  tip  and  base,  thickness  of  brass  and  size 
of  orifice,  to  suit  er»ch  pipe  in  the  series  forming  the  whole. 

2.  The  tongue  is  a  vibrating  lamina  of  suitable  material  so 
shaped  as  to  fit  neatly  over  the  face  of  the  shallot.  It  is  usually 
made  of  brass,  but  can  be  made  of  other  pliant  material,  though 
organ  builders  prefer  brass,  which  is  generally  speaking  the  most 
suitable.  Whether  the  brass  should  be  hard  or  soft  is  a  moot  ques- 
tion. Hard  brass  has  been  much  in  favour  since  the  'nineties,  but 
if  I  may  be  allowed  an  opinion  I  much  prefer  soft  brass  of  the 
optimum  degree  of  softness,  in  short,  what  is  known  as  "half-hard" 
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brass.  The  employment  of  the  harder  material  (e.g.  "three-quarter 
hard"  and  "hard")  has,  in  my  view,  been  a  eogent  factor  in  the 
production  of  the  modern  close-toned  chorus  reed,  since  if  a  free 
tone  is  aimed  at,  the  harder  brass  tends  to  exaggerate  certain  dis- 
sonant overtones  which  the  voicer  naturally  prefers  to  curb  as  far 
as  possible.  There  is  no  doubt  in  my  own  mind  that  soft  brass  is 
much  more  suitable  for  the  production  of  free-toned  chorus  reeds. 
The  only  real  alternative  to  brass  is  hard-rolled  aluminium  {not 
the  alloy  employed  in  industrial  workshops),  but  this,  again,  is 
only  suitable  for  the  reed  tongues  of  pipes  speaking  middle  C  and 
up.  A  special  technique  is  required  for  curving  aluminium  tongues 
if  success  is  to  be  achieved.  The  important  operation  of  curving 
the  brass  tongue  will  be  described  in  the  next  chapter. 

3.  The  weight  (or  load)  is  only  applied  to  the  larger  and 
longer  tongues  in  order  to  control  their  vibration.  Originally,  all 
reed  tongues,  even  those  for  the  32  ft.  reed,  were  unweighted  (e.g 
in  France),  and  the  tongues  were  very,  very  -long  in  consequence. 
If  anyone  has  tried  to  curve  a  tongue  six  to  ten  inches  long  he  will 
realize  the  problem  involved  in  avoiding  "flats";  but  apart  from  the 
technical  difficulty  there  is  the  tonal  one.  The  characteristic  quality 
of  low  pitched  reeds  fitted  with  unweighted  tongues  is  sufficiently 
distinctive  for  the  merest  tyro  to  recognize,  and  it  is  very  much  a 
matter  of  taste  whether  such  tone  will  be  approved. 

There  is  a  definite  lack  of  refinement  (and  bv  refinement  I  do 
not  mean  mellifluousness),  which  to  most  ears  is  intolerable  except 
in  a  resonant  building.  Since  all  buildings  are  not  resonant  it 
stands  to  reason  that  the  appalling  array  of  inharmonic  overtones 
generated  by  such  vibrators  should  be  placed  under  control,  and 
the  weight  is  the  answer.  The  question  then  arises  as  to  what  kind 
of  weight  shall  be  chosen  for  this  purpose.  Father  Willis  selected 
a  brass  weight.  He  thought  brass  was  the  best  material  because 
(1)  the  tongue  itself  is  of  brass  and  (2)  he  did  not  want  to  overdo 
the  refining  process.  His  unerring  instinct  prompted  him  to 
choose  a  metal  weight,  though  he  probably  did  not  know,  as  we 
now  do,  that  the  metal  produces  a  distinct  formant  and  therefore 
a  distinct  and  characteristic  quality.  The  photograph  (Fig.  4)  of 
a  GGG  trombone  socket  clearly  shows  the  Willis  type  of  brass 
weight,  which  is  round  and  button-like  in  shape  with  a  conical 
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base  engaging  the  tongue  head.  That  the  material  employed  for 
the  weight  affects  the  quality  of  the  reed  can  be  proved  by  sub- 
stituting a  lead  weight  of  precisely  the  same  weight  and  fixing  as 
the  brass  one:  there  is  a  noticeable  decrement  of  certain  harmonics 
due  to  the  duller  metal.  Far  the  commonest  method  of  loading 
today,  however,  is  by  means  of  felt  and  lead,  as  shown  in  the 
Frontispiece.  The  tongues  are  "lead-felted"*  at  their  ends  from 
the  lowest  pipe  up  till  a  note  is  reached  which  requires  only  the 
"felt-loading"  of  the  tongue:  the  felting  is  then  continued  till  a 
note  is  reached  requiring  no  loading.  The  felt  is  cut  to  a  suitable 
shape  and  thickness  and  chattertoned  to  the  end  of  the  tongue, 
while  on  to  the  top  of  the  felt  is  chattertoned  a  small  slab  of  lead 
of  suitable  weight.  One  or  two  voicers  at  the  end  of  the  last 
century  used  to  favour  laminated  felt  weighting:  this  consisted  of 
several  layers  of  thin  felt  glued  on  top  of  each  other  to  the  required 
height,  the  object  being  to  encourage  resilience  in  some  mysterious 
way  so  that  the  attack  of  the  note  might  be  speeded  up.  This 
method  is  now  obsolete,  having  enjoyed  a  very  ephemeral  vogue. 
The  effect  of  felting  is  to  attenuate  the  higher  harmonics  as  well 
as  to  control  the  inharmonic  components:  not  that  it  is  impossible 
to  produce  a  fiery  tone  from  felt-loaded  tongues,  but  the  felt  does 
definitely  curb  certain  higher  harmonics  even  though  it  does  not 
completely  eliminate  them. 

What  does  the  weighting  actually  do?  The  best  way  to  realize 
its  function  is  to  try  to  tune  a  reed  pipe  in  "the  8  ft.  octave  on  the 
"close"  side  (i.e.  tune  it  sharp  to  pitch)  without  any  weight 
attached  to  its  tongue.  As  the  tuning  wire  is  tapped  down  and  the 
vibrating  length  of  the  tongue  is  made  gradually  shorter  and 
shorter,  a  point  in  this  process  will  be  reached  where  the  note 
will  first  begin  to  "choke"  and  at  length  will  fly  up  to  a  harmonic. 
The  tongue  is  in  fact  out  of  control  and  even  if  it  can  be  coaxed 
to  speak  a  soft,  smooth  note  will  sound  far  from  contented.  A 
slight  rise  of  temperature  will  send  it  off  to  a  harmonic.  Add  the 
weight  and  the  note  becomes  beautifully  stable:  no  more  flying 
up  to  a  harmonic,  no  more  choking.  There  is  many  an  oboe  in 
present  use  with  its  lowest  octave  unweighted:  the  bass  is  there- 
fore on  the  loud  side  and  apt  to  be  rough  in  quality.   Weighting 

*I  have  failed  to  discover  who  was  the  first  to  employ  felt  loading. 
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of  the  lowest  twelve  tongues  is  necessary  if  it  is  desired  to  regulate 
the  power  in  conformity  with  that  of  the  upper  portion  of  the  stop, 
especially  if  the  quality  is  that  of  a  horn-oboe.  In  other  words, 
the  effect  of  the  weight  is  to  enable  the  tongue  to  vibrate  more 
slowly  for  a  gi.ven  pitch  than  if  it  were  not  weighted:  the  tuning 
length  is  definitely  shortened. 

One  can  only  determine  the  degree  of  loading  required  by 
experiment;  but  having  found  what  is  required,  the  voicer  will 
naturally  make  a  note  of  the  results  for  future  work.  Thus  the 
various  sizes  of  the  brass  weights  were  determined  and  standard- 
ised by  Henry  II  of  the  firm  of  Henry  Willis  and  Sons.  I  have  seen 
quite  experienced  reed  voicers  who  employ  felt  and  lead  loads 
cut  out  an  oversize  of  felt  and  an  oversize  of  lead  slab,  chatterton 
both  in  position  and  then  proceed  to  lop  off  fractions  of  felt  and 
lead  till  the  correct  weight  is  hit  upon  to  suit  the  particular  tongue 
and  pressure  of  wind  in  use.  Empirical  to  the  last  degree!  Every 
voicer  should  know  within  a  little  how  much  loading  is  required 
for  a  given  tongue  and  pressure  of  wind.  I  should  say  that  there 
are  very  few  who  do  not. 

4.  The  wedge  is  used  for  clamping  the  tongue  to  the  shallot 
tip  (narrow  end)  and  block  (q.v.).  It  is  usually  made  of  hard 
wood,  but  some  firms  employ  brass  wedges.  It  is  important  that 
the  wedge  should  be  correctly  shaped  and  made  to  fit  tightly  in 
the  block-hole  (q.v.)  so  that  the  tongue  may  not  be  able  to  get 
loose  in  process  of  time.  The  wedge  should  be  so  securely  in  posi- 
tion that  the  tongue  cannot  be  withdrawn  without  the  use  of  a 
chisel  or  stout  knife  to  lever  the  wedge  out. 

5.  The  tuning  spring  (or  wire)  is  so  fitted  on  to  the  surface 
of  the  tongue  that  it  may  be  shifted  along  it  for  the  purpose  of 
adjusting  the  vibrating  length.  It  is  usually  made  of  phosphor 
bronze  and  is  threaded  through  a  small  hole  in  the  block  (q.v.) 
with  a  right-angled  crook  at  the  upper  end  for  the  tuner  to  tap  up 
or  down  with  his  reed-knife.  The  lower  end  should  be  so  shaped 
as  to  ensure  a  firm  pressure  on  the  tongue's  surface  at  all  points  of 
travel  up  or  down.  It  should  also  possess  a  smooth  and  reasonably 
free  gliding  movement  through  the  narrow  hole  in  the  block.  The 
complete  travel  of  the  tuning  spring  from  the  wedge  to  the  head 
or  base  of  the  tongue  usually  makes  it  possible  for  the  pipe  to 
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produce  at  least  an  octave  of  notes  in  range.  I  once  conducted  an 
experiment  with  a  reed  pipe  fitted  with  a  12  in.  length  of  resonator 
(q.v.)  and  a  Ya  in.  length  of  aluminium  tongue  0.003  in.  thick. 
Tapping  the  tuning  spring  along  a  distance  of  half  an  inch  I  was 
able  to  get  this  particular  pipe  to  sound  a  range  of  two  octaves  and 
a  quarter  of  notes!  Incidentally,  the  experiment  was  carried  out  in 
order  to  prove  that  the  human  vocal  cords  cannot  claim  a  monopoly 
of  this  extensive  pitch-range,  as  also  to  supply  the  answer  to  the 
question  raised  in  certain  quarters  how  it  was  possible  for  half  an 
inch  of  vocal  cord  to  produce  two  octaves  of  notes— a  question  to 
which  hitherto  no  satisfactory  answer  has  been  given. 

6.  The  block  is  that  part  which  separates  the  shallot  from  the 
resonator  (q.v.).  It  is  usually  cylindrical  and  made  of  lead, 
although  it  can  be  made  of  hard  wood. 

7.  The  block-hole  is  bored  through  the  centre  of  the  block: 
to  the  upper  end  is  soldered  the  tube  or  resonator  (or  in  the  case 
of  the  larger  pipes  the  socket  tip)  and  in  the  lower  end  is  fitted 
the  shallot,  wedge  and  tongue. 

8.  The  boot  is  a  metal  cover  for  the  lower  portion  of  the  reed 
pipe  and  fitted  to  the  block.  It  completely  conceals  the  mechanism 
of  the  reed  and  all  of  the  block  except  the  top  rim.  Of  this  mech- 
anism only  the  upper  portion  of  the  tuning  spring  is  visible  as  it 
protrudes  from  the  top  surface  of  the  block.  At  the  bottom  end  of 
the  boot  is  a  hole  bored  through  to  admit  the  wind  from  the  sound- 
board. The  size  of  this  boot-hole  is  adjusted  to  suit  voicing  opera- 
tions and  the  type  of  reed  pipe  under  treatment. 

9.  The  socket  is  the  short  conical  tube  protruding  from  the 
top  of  the  block  of  a  large  reed  pipe  (i.e.  larger  than  4  ft.)  and 
soldered  to  the  block.  Inside  this  tube  (or  tip)  is  fitted  the  larger 
and  longer  resonators  of  bass  pipes.  Some  builders  give  the  name 
of  "socket"  to  the  complete  lower  section  of  a  large  reed  pipe, 
including  even'  part  from  the  short  tube  to  the  boot  below.  When 
the  bass  pipes  are  planted  on  the  actual  soundboard  this  lower 
portion  is  put  in  first  and  the  resonator  fitted  on  afterwards:  it  is 
therefore  necessary  to  employ  a  separate  and  distinctive  name  for 
the  lower  portion  minus  the  resonator,  and  it  would  be  difficult  to 
find  a  better  one  than  "socket".  Thus,  CC  socket  is  put  in  its 
appointed  place  on  the  soundboard,  then  DD,  EE,  FF  sharp,  and 
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so  on  (every  other  note  for  a  soundboard  so  arranged),  and  last 
of  all  the  respective  resonators  or  tubes  are  inserted. 

10.  The  tube  or  resonator  is  the  most  showy  part  of  a  reed 
pipe,  as  also  the  biggest  (except  in  the  case  of  the  very  highest 
pitched  pipes  and  the  vox  humana  pipes).  It  varies  in  shape 
according  to  the  kind  of  reed  tone  required,  and  its  length  deter- 
mines both  tone  and  pitch. 

(a)  Shape.  The  tube  may  be  conical  or  cylindrical.  If 
conical,  it  reinforces  all  the  harmonic  series,  odd  and  even; 
if  cylindrical  it  favours  the  odd  harmonics  only.  The 
resonator  of  a  reed  is  really  a  tube  closed  at  one  end,  namely 
at  the  block;  a  cylindrical  tube  closed  at  one  end  can  only 
give  the  odd  harmonics.  A  conical  tube  in  the  case  of  a 
reed  pipe  is  placed  in  the  inverted  position,  with  the 
narrow  portion  fitted  to  the  block  and  expanding  upwards 
to  the  open  end.  This  shape  gives  both  the  odd  and  even 
series  of  harmonics,  but  also  introduces  other  overtones 
that  are  not  exact  multiples  of  the  fundamental  harmonic 
if  the  expansion  of  the  cone  is  not  properly  graduated  from 
tip  to  top.  This  means  that  the  conical  tube  should  not  be 
too  wide  at  the  top  in  proportion  to  its  tip;  in  short,  there 
is  a  limit  to  the  diameter  of  the  top  of  the  tube  (known  as 
the  scale.)  Overscaling  has  been  a  very  common  failing 
during  the  past  fifty  years:  there  is  no  need  for  it  even  for 
the  most  powerful  tuba  tone;  such  excesses  in  scaling  have 
been  responsible  for  many  an  ill-blending  tonal  scheme. 
The  narrower  the  tube  the  thinner  the  quality,  and  vice 
versa.  There  is  the  happy  medium  between  extremes 
where  both  refinement  and  liveliness  can  be  wedded 
harmoniously.  The  well-voiced  normal  trumpet  is  a  per- 
fect'example  of  this.  Increase  its  scale  and  it  becomes  a 
hybrid:  reduce  its  scale  and  it  lacks  body.  But  it  all 
depends  on  the  treatment  given  to  the  reed  pipe  as  a  whole: 
there  is  a  reasonably  wide  margin  of  safety  in  the  choice  of 
scaling  for  the  designer  and  voicer  to  roam  in  as  he  exploits 
this  or  that  set  of  variables  in  his  search  for  the  desired 
result.  It  is  when  he  trespasses  beyond  that  margin  that 
he  brings  reed  voicing  into  disrepute.    Ne  quid  nimis! 
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There  is  also  a  verv  definite  limit  to  the  size  of  the  narrow 
end  of  the  tube  known  as  the  "tip".  This  should  bear  its 
relation  not  only  to  the  top  end  but  also  to  the  shallot  tip 
which  it  extends.  While  the  diameter  of  the  tube  tip 
should  not  be  less  than  that  of  the  shallot  tip  it  must  not 
exceed  the  latter  diameter  by  more  than  6:5  ratio. 
The  principle  types  of  resonator  are  shown  in  Figs.  1  and  2, 
and  the  question  of  length  has  also  to  be  considered. 

(b)  Length.  Two  factors  here  arise:  (1)  the  wider  the 
scale  of  the  tube  the  longer  the  tube  to  give  the  right  note 
at  the  required  pitch,  and  vice  versa;  (2)  the  tube  is  of 
'full  length'  when  reinforcing  the  fundamental  tongue 
note  at  the  wavelength  of  the  frequency,  e.g.  if  the  note 
sounds  middle  C  (260  cycles)  the  tube  at  full  length  will 
be  approximately  2  ft.  long;  (3)  the  same  pitch  can  be 
obtained  from  a  tube  measuring  half,  quarter,  eighth  of 
the  full  length  (or  indeed  any  intermediate  fraction  repre- 
senting a  harmonic  of  the  fundamental),  though  at  the 
expense  of  a  change  of  quality  according  to  the  length 
chosen:  (4)  the  tube  can  be  of  double,  triple  or  quadruple 
length  (or  an  intermediate  fraction)  and  the  reed  note 
tuned  to  speak  the  fundamental  pitch-note  with  a  definite 
increase  of  purity:  this  is  known  as  making  the  pipe 
"harmonic".  In  the  case  of  (3)  and  (4)  the  scale  of  the 
tube  is  the  same  as  that  designed  for  the  full  length  one. 
A  cylindrical  tube  is  made  half-length  (or  a  fraction  of 
half)  and  never  longer,  because  it  generates  the  odd 
harmonics  only  like  a  stopped  flue  pipe.  It  cannot  be  made 
"harmonic"  except  in  the  sense  that  a  fractional  length  may 
be  doubled  or  trebled;  for  example,  a  vox  humaha  of  eighth 
length  can  be  provided  with  quarter  length  tubes  in  its 
upper  octaves:  if  quadrupled  the  tube  becomes  that  of  the 
clarinet. 

Just  as  the  treble  portion  of  a  conical  reed  stop,  more  par- 
ticularly if  of  the  chorus  type,  is  often  made  "harmonic",  so 
the  bass  portion  is  sometimes  given  half-length  tubes  to 
save  space  and  cost.  The  quality  of  tone  of  a  harmonic 
reed  is  purer  than  that  of  the  normal  length  reed,  while 
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that  of  a  half-length  conical  pipe  is  less  weighty  and  more 
liable  to  go  out  of  tune.  Nevertheless,  good  work  has  been 
done  with  half-length  pipes  just  as  the  reverse  criticism 
holds  good  of  some  examples  of  the  harmonic  reed.  There 
are  those  who  advocate  "harmonic  trebles"  for  all  chorus 
reeds  whether  of  the  trumpet  or  tromba  class,  whether 
designed  for  great,  swell,  or  choir.  This  is,  in  my  estima- 
tion, a  cardinal  error  and  one  into  which  Father  Willis 
never  allowed  himself  to  fall.  The  harmonic  question 
must,  of  course,  be  linked  up  with  the  wind  pressure 
question,  since  above  a  certain  degree  of  pressure  reed 
pipes  demand  harmonic  treatment:  the  tuba  magna  at 
Liverpool  Cathedral,  for  instance,  on  50  in.  pressure,  is 
harmonic  from  its  bottom  note  to  top.  Even  if  the  4  ft. 
reed  (clarion)  is  made  harmonic  it  does  not  follow  that  its 
8  ft.  partner  should  be,  especially  if  allocated  to  the  swell 
organ  reed  chorus.  All  chorus  reeds  of  the  tromba  and 
tuba  type  are  usually  made  harmonic  except  in  the  lower 
register  of  the  stop.  The  harmonic  portion  usually  com- 
mences at  tenor  F  sharp  for  the  high  pressure  tuba  and  at 
middle  C  for  the  normal  tromba.  The  actual  point  at 
which  the  harmonic  portion  should  start  is  one  to  be 
determined  by  the  voicer.  Since  the  harmonic  system  tends 
to  increase  the  fundamental  harmonic,  it  is  questionable 
whether  light-toned  reeds  should  be  made  harmonic  below 
treble  C,  as  otherwise  their  blending  capacity  is  apt  to  be 
affected:  certain  is  it  that  very  fine  examples  of  low  pres- 
sure as  well  as  high  pressure  chorus  reeds  exist  which  have 
no  harmonic  pipe  tubes. 

The  relation  of  the  tube  or  resonator  length  to  the  vibrating 

length  of  the  tongue  will  engage  our  attention  in  the  next 

chapter,  as  will  also  the  question  of  wind  pressures. 

The  longer  bass  resonators  can  be  shortened  by  means  of 

the  process  of  "mitreing"  at  the  tip  end.    (See  Fig.   1A, 

trombone  pipe.) 

1 1 .     Various  headpieces  have  been  and  are  used  by  organ 

builders  for  the  purpose  of  modifying  the  quality  of  tone  of  a  reed 

pipe.  A  list  of  these  will  be  found  in  Fig.  5.    We  need  only  select 
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six  of  them  for  notice  here,  since  the  others  are  not  in  general  use 
todav. 

( 1 )  The  bell  is  an  integral  part  of  the  oboe  tube  and  im- 
parts to  this  pipe  its  characteristic  tone.  If  fitted  to  a 
cylindrical  tube  (e.g.  clarinet)  it  adds  certain  harmonics 
some  of  which  are  even.     (See  Fig.  2,  oboe.) 

(2)  The  double  bell  is  employed  for  the  cor  anglais  pipe. 
(See  Fig.  2,  cor  anglais.) 

(3)  The  cowl  (so  far  I  appear  to  be  the  only  one  to  use  it) 
converts  a  trumpet  pipe  into  a  small  tuba  {not  a  tromba). 
(See  Fig.  5A.) 

(4)  The  sleeve  converts  the  trumpet  pipe  into  a  horn,  or 
at  least  makes  its  tone  more  horn-like:  if  added  to  the 
clarinet  it  makes  the  tone  broader  and  more  "woody".  If 
made  of  cardboard  the  sleeves  can  be  fixed  to  the  regu- 
lating slide  in  the  optimum  position  above  the  top  of  the 
resonator  by  means  of  brass  fasteners  or  clips.  (See  Fig  5B.) 

(5)  The  hood  or  bonnet  is  merely  a  right-angled  turn  given 
to  the  top  end  of  the  tube  for  the  purpose  of  preventing 
dust  from  falling  down  the  pipe  into  the  shallot.  Inci- 
dentally, it  has  a  directional  effect  on  the  sound.  (See  Fig. 
1A,  trumpet.) 

(6)  The  cap  is  a  flat  cover,  usually  soldered  to  the  top  of 
the  tube,  with  a  slot  hole  cut  immediately  below  to  keep 
the  tube  open.  (A  completely  capped  tube  would  deprive 
the  pipe  of  speech.)  It  may  also  be  only  partially  soldered 
on  to  the  perimeter  of  the  tube,  in  which  case  it  can  be 
opened  or  closed  as  required  for  fine  adjustment,  there 
being  in  this  case  no  slot.  Or  again,  the  cap  may  be  com- 
pletely soldered  on  all  round  and  a  hole  cut  through  its 
centre.  Wooden  caps  have  been  used,  fitting  tightly  into 
the  top  of  the  tube  with  the  usual  regulating  slot  and 
tongue  below.  The  effect  of  the  cap  is  to  smooth  out  the 
higher  harmonics.  Some  voicers  favour  capping  for  all 
their  reeds,  both  chorus  and  imitative;  but  this  I  believe  to 
be  a  mistake,  since  the  tendency  of  this  device  is  to  impart 
a  hybrid  nasality  to  the  tone  and  reeds  so  treated  do  not 
become  less  nasal  as  the  years  pass  them  by.    The  16  ft. 
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fagotto  and  bassoon  are,  I  think,  rightly  capped,  as  also 
the  vox  humana  and  the  oboe.  (See  Fig.  1A,  fagotto.) 
1 2.  The  slot,  and  tuning  tongue  regulating  the  degree  of  slot 
opening,  has  already  been  mentioned.  It  has  to  be  remembered 
that  the  slot  is  introduced  in  a  capped  tube  to  enable  it  to  remain 
open  at  the  top  and  to  be  opened  to  the  correct  degree.  Similarly, 
the  open  tube  (uncapped)  may  be  slotted  for  the  purpose  of 
regulating  the  length  of  the  tube  to  suit  the  vibrating  length  of  the 
tongue.  The  temperature  of  a  building  varies  from  time  to  time 
according  to  the  changing  seasons  of  the  year  and  the  relative 
lengths  of  tube  and  tongue  are  bound  to  be  changed  and  therefore 
to  require  re-adjustment.  This  re-adjustment  can  be  done  either 
at  the  tongue  by  means  of  the  tuning  spring  or  at  the  top  of  the 
tube  by  means  of  the  regulating  slot  and  tongue,  or  indeed  by 
means  of  both  in  due  proportion.  Reeds  have  been  made  in  which 
no  slots  were  provided,  the  tubes  having  been  originally  cut  to  the 
optimum  length  and  the  regulating  being  restricted  to  the  tongue 
only.  Since  in  well  voiced  reeds  there  is  always  a  certain  margin 
tor  variation  in  pitch,  and  in  addition  such  reeds  have  been  voiced 
on  the  free  side,  it  is  possible  to  adjust  the  tuning  at  the  tongue 
only  without  any  serious  modification  of  tone.  Even  so,  slotting 
is  a  wise  provision  and  is  most  certainly  advisable  where  conditions 
render  it  almost  impossible  to  ensure  uniform  temperature  all  the 
vear  round. 


CHAPTER   III 

THE  VOICING  OF  REEDS 

One  may  be  an  expert  in  reed  voicing  without  possessing  any 
scientific  knowledge,  but  no  voicer  of  reeds  can  afford  to  dispense 
with  (1)  a  critical  ear  and  (2)  a  fairy  touch.  It  may  be  asked  why 
anyone  should  trouble  his  head  about  the  theory  of  the  subject 
if  all  that  really  matters  is  the  practical  side.  A  man,  for  instance, 
may  be  able  to  curve  a  reed  tongue  to  the  extremity  of  stoichio- 
metrical  perfection  humanly  possible  and  yet  he  may  be  unable  to 
read,  write  or  count.  "A  fig  for  theory"  will  be  his  dictum  on 
having  a  few  pages  of  Part  II  of  this  book  read  to  him.  Well,  I 
have  met  more  than  one  craftsman  of  this  type,  and  invariably 
there  has  been  something  wanting  in  his  work,  a  kind  of  "wooden- 
ness"  about  it.  In  some  inexplicable  way  education  does  tell,  even 
in  the  workshop.  The  influence  of  mind  is  so  extraordinarily 
subtle  that  it  affects  even  the  manipulative  technique  of  the 
manual  worker.  The  organ  pipe— and  even  more  so  the  organ  stop 
of  many  pipes— can  least  of  all  claim  immunity  from  this  universal 
law  of  influence.  I  have  found  myself  that  the  discovery  of  the 
why  of  an  operation  has  enabled  me  to  accomplish  better  results 
in  the  finished  product,  and  others  have  shared  this  experience. 
The  actual  technique  of  voicing  is  purely  mechanical,  but  the 
technician  loses  nothing  and  gains  much  from  a  knowledge  of  the 
natural  laws  he  is  obeying  as  he  plies  his  craft.  The  personality 
of  the  artist  is  reflected  in  less  or  more  degree  in  the  concrete 
expression  of  his  ideal,  and  the  uncultured  craftsman  transfers  his 
lack  of  culture  to  his  material  creations.  It  is  therefore  an  indubita- 
ble advantage  to  the  voicer  of  organ  pipes  to  increase  his  store  of 
knowledge  so  that  his  erudition  may  show  itself  naturally  in  his 
work.    Furthermore,  manual  work  as  such  is  deprived  of  nine- 

20 
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tenths  of  its  attractiveness  after  a  number  of  years  at  the  bench 
and  the  machine,  and  the  only  antidote  to  ennui  is  a  sense  of 
wonder.  The  factory  hand  is  not  encouraged  to  waste  his  time  in 
experimenting  during  working  hours,  but  he  can  do  so  at  home 
or  on  holiday,  and  if  he  is  his  own  master  he  has  illimitable  oppor- 
tunities for  adding  to  his  store  of  knowledge.  Every  voicer,  there- 
fore, should  belong  to  the  category  of  human  beings  who  take  an 
interest  in  the  scientific  aspect  of  their  craft:  working  by  rule  of 
thumb  only  is  a  very  poor  kind  of  occupation  for  the  twentieth- 
century  artisan  and  organ  building  demands  more  than  just  this 

of  its  craftsmen.  The  voicing  and  finishing  of  reed  pipes  is  a  fine 
art  and  mere  perfection  of  technical  skill  is  not  enough.  Art  must 
go  hand  in  hand  with  scientific,  knowledge.  Both  are  necessary  if 
the  best  results  are  to  be  obtained.  Every  reed  voicer,  be  he  already 
highly  skilled  or  a  callow  learner,  should  most  carefully  digest 
Part  II  of  this  book.  Let  the  mind  be  trained  as  well  as  the  fingers, 
and  the  fingers  will  fashion  all  the  more  effectively. 

We  have  in  this  chapter  to  deal  with  two  vital  operations  in 
connection  with  the  making  of  sound  from  reed  pipes,  I,  the  voic- 
ing of  a  single  pipe  and  II,  the  finishing  of  a  complete  set  of  pipes 
to  form  a  stop  or  rank. 

I.  The  operation  of  voicing  a  reed  pipe  consists  of  (1)  making 
some  of  and  fitting  all  the  parts  that  lie  concealed  within  the  boot, 
(2)  curving  the  tongue,  (3)  adjusting  the  curvature  of  the  tongue 
to  suit  the  particular  type  of  reed  required,  (4)  tuning  both  tongue 
and  resonator  to  suit  one  another  and  thus  by  means  of  (1),  (2), 
and  (3),  determining  the  precise  quality  and  strength  of  the  note 
as  required. 

The  voicer  usually  has  to  make  both  the  tuning  wire  and  the 
wedge,  he  must  cut  out  from  sheet  brass  the  tongues  for  the  set  of 
pipes  to  be  voiced,  and  select  the  type  of  shallot  best  suited  for  his 
purpose.  Shallots  are  usually  made  by  a  special  hand  and  the 
voicer  has  only  to  take  his  choice  from  stock.  He  has  to  select 
from  his  sheets  of  brass  the  correct— or  what  he  thinks  is  the  cor- 
rect—gauge for  each  tongue  to  be  curved.  He  scores  off  each 
tongue  shape  from  the  sheet  and  separates  it  by  cutting  it  nearly 
through  and  then  breaking  it  off  with  a  pair  of  pliers.  After  being 
sand-papered  or  filed  on  both  sides  the  tongue  thus  detached  for 
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use  is  clamped  to  a  wooden  block  (see  Fig.  6)  ready  to  be  bur- 
nished. The  tongue  is  cut  and  shaped  to  fit  the  shallot  face  exactly 
without  overlapping.  If  too  wide,  the  sides  are  planed  in  the  vice 
to  the  desired  shape.  The  making  of  the  wooden  wedge  and  the 
shaping  of  the  tuning  spring  are  processes  best  learned  from  a 
professional.  The  same  advice  applies  to  the  making  and  pre- 
paring of  the  tongues. 

(2)  The  curving  of  the  tongue  is  regarded  by  the  majority  of 
organ  builders  as  the  crucial  operation  of  voicing.  The  beginner 
almost  invariably  fails  at  first  in  getting  the  right  curve  or  even  an 
approximation  to  it.  The  reason  for  this  failure  is  the  springiness 
of  the  material  of  which  the  tongue  is  made,  since  one  portion  of 
the  tongue's  length  can  never  be  burnished  without  other  portions 
being  affected  at  the  same  time.  A  glance  at  Fig.  6  will  make  this 
clear  if  the  reader  will  observe  the  eleven  points  of  the  tongue's 
surface  where  indicated.  If  any  one  space,  e.g.  that  between  points 
6  and  7,  is  burnished  by  rubbing  the  burnishing  tool— a  cylindrical 
metal  rod  of  about  Vs  to  3/16  in.  thick— along  it  with  the  applica- 
tion of  a  given  degree  of  pressure  downward,  the  spaces  from  1  to 
6  will  be  affected  to  a  certain  degree  because  of  the  clamp  behind 
the  space  beginning  at  1 .  This  also  means  that  the  spaces  from  7 
to  1 1  will  now  bear  a  different  relation  in  the  arc  of  gyration  to 
the  space  1  to  7,  so  that  the  whole  of  the  tongue  s  surface  will  be 
entirely  changed.  If,  therefore,  the  complete  length  of  surface  is 
burnished  with  a  single  end  to  end  stroke,  the  tongue  will  assume 
a  definite  shape  for  good  or  ill. 

Again,  the  process  is  none  the  simpler  for  the  fact  that  a  tongue 
may  be  "correctly"  curved  in  a  multitudinous  number  of  modes 
and  yet  the  curve  may  exhibit  an  alien  characteristic.  I  mean  by 
"alien"  a  curvature  not  suited  to  the  particular  type  of  reed  pipe 
under  treatment  even  though  a  critical  eye  may  be  unable  to  detect 
a  single  flaw  in  the  actual  shaping. 

Let  me  define  a  "correct  curve".  If  after  being  burnished,  the 
tongue  is  placed  and  held  flat  on  the  shallot  face  so  as  to  cover 
the  orifice  completely  and  lie  absolutely  parallel  with  the  shallot 
face  at  all  points,  it  is  said  to  be  "correctly"  curved.  It  is  easy  enough 
to  test  the  correctness  of  the  curve  by  holding  the  tongue  and 
shallot  in  the  above-mentioned  relative  positions  in  front  of  a 
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bright  light:  if  no  trace  of  light  is  seen  to  be  shining  between  the 
tongue  and  the  shallot  face  when  the  base  of  the  tongue  is  held 
down  on  to  the  base  of  the  shallot  and  the  tip  of  the  tongue  is 
clamped  to  the  tip  of  the  shallot,  then  it  is  certain  that  the  tongue 
is  bedding  properly.  If,  however,  a  light  is  seen  at  any  point,  how- 
ever microscopic  it  may  be,  the  tongue  is  obviously  not  bedding 
properly  and  the  point  or  space  at  which  light  is  showing  is  known 
as  a  "flat";  for  at  that  particular  spot  the  tongue  is  relatively  flat, 
i.e.  not  sufficiently  curved  or  taking  its  correct  share  of  the  general 
curvature.  Flats  usually  occur  in  those  parts  of  the  tongue's  length 
denoted  by  the  spaces  1  to  3  and  4  to  6,  but  they  often  show  them- 
selves in  other  parts.  A  very,  very  common  flaw  is  the  flat  at  space 
4  to  6  due  to  excessive  curvature  between  8  to  11. 

How  is  a  tongue  curved?  It  is  clamped  at  its  narrow  end  to  the 
wooden  block*  as  shown  in  Fig.  6  and  should  be  perfectly  flat 
along  its  entire  length,  bedding  on  the  block  surface  at  all  points. 
The  burnishing  tool  is  then  grasped  by  its  handle  and  placed  at 
the  clamp  end  of  the  tongue,  resting  firmly  upon  this  initial  point. 
Next,  the  burnisher  is  drawn  along  the  tongue's  surface  with  a 
rapid  sweep  of  the  wrist  and  forearm  till  it  reaches  the  other  end 
of  the  tongue  and  glides  off  it  on  to  the  block  surface  bevond.  The 
burnisher  must  be  kept  absolutely  parallel  with  block  throughout 
the  stroke.  Referring  to  Fig.  6,  we  observe  that  the  burnisher  is 
first  placed  at  point  1  and  drawn  along  to  point  12  (beyond  the 
furthest  edge  of  the  tongue.)  As  this  stroke  is  being  made  the 
wrist  must  bear  with  increasing  pressure  on  the  tongue  till  at  point 
1 1  the  maximum  degree  of  pressure  is  applied.  By  this  means  the 
tongue  is  given  a  graduated  curve  reaching  its  maximum  develop- 
ment at  the  wide  end.  The  beginner  has  to  acquire  the  technique 
of  graduating  his  wrist  pressure  with  geometrical  accuracy.  For 
instance,  a  machine  can  do  this  by  means  of  a  graduated  increase 
of  spring  tension,  and  in  fact  a  machine  of  this  kind  is  employed 
for  the  curving  of  the  larger  tongues  of  16  ft.  and  32  ft.  reed  pipes. 
The  secret  of  achieving  a  graduated  pressure-curve  lies  in  directing 
one's  mind  towards  the  objective  aimed  at:  in  other  words,  as  the 
voicer  performs  his  curving  operation  let  him  at  the  same  time 

*It  is  imperative  that  the  wood  of  which  the  block  is  made  should  be  uniformly  hard 
with  no  slightly  soft  spot  in  any  part  of  its  surface. 
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visualize  mentally  the  finished  product— the  tongue  as  he  fancies 
it  should  be  curved.  The  mental  concept,  the  inspirational  urge 
on  the  arm  and  wrist,  the  rapid  stroke— all  three  should  be  inte- 
grated into  one  single  creative  act.  There  must  be  no  hesitancy, 
no  misgiving  as  to  results,  no  gambling  on  a  chance  success.  After 
a  number  of  tries,  the  technique  will  be  far  sooner  acquired  if  the 
learner's  attitude  and  mental  approach  to  the  operation  is  healthily 
pressed  into  the  service  of  the  voicing  art.  Let  him  practice  assidu- 
ously with  strips  of  brass  of  various  gauges  and  sizes  and  scan  each 
curve  he  makes  by  means  of  the  "light"  test  already  described. 

(3)  Having,  to  some  degree  at  least,  mastered  the  graduated 
pressure  technique,  the  next  step  is  to  learn  how  to  curve  the 
tongue!  For  it  must  be  distinctly  understood  that  a  tongue,  ex- 
hibiting a  perfectly  graduated  arc  of  gyration,  innocent  of  "flats", 
showing  no  trace  of  light  between  its  under-surface  and  the  shallot 
bed,  is  not  by  any  means  necessarily  what  it  ought  to  be.  It  is  really 
extraordinary  to  what  a  number  of  very  minor  differences  of  curve 
a  tongue  can  be  put  without  in  any  way  upsetting  the  graduated 
characteristic  that  all  curves  must  possess.  Various  kinds  of  curve 
are  appropriate  to  various  types  of  reed  tone,  but  let  not  the  student 
at  this  stage  be  overconcerned  with  this  aspect  of  the  subject; 
rather  let  him  master  first  of  all  the  two  fundamental  types  of 
curvature.  These  are  (a)  the  trumpet  or  classic  chorus  reed  curve 
and  (b)  the  smooth  toned  reed  curve  such  as  is  given  to  reed 
tongues  of  the  horn-oboe  and  clarinet  pipe. 

In  the  case  of  (b)  the  curve  is  consistently  graduated  from  tip 
to  head  with  as  smooth  and  exponential  an  increment  as  possible. 
If  the  shallot  and  curved  tongue  are  held  up  before  a  light  so  that 
the  light  shines  clearly  in  the  intervening  space  between  them, 
the  slow— very  slow— depressing  of  the  tongue  head  by  the  finger 
down  on  to  the  shallot  bed  (at  point  1 1  in  Fig.  6)  should  cause 
the  light  to  be  gradually  shut  out  from  view  till  with  the  tongue 
at  length  completely  bedded  on  the  shallot  face  no  light  is  visible 
anywhere.  All  tongues  "correctly"  curved  will  respond  to  the 
"exclusion  of  light"  test  so  that  this  complete  excluding  of  light  is 
no  guarantee  that  the  curve  is  the  appropriate  one  for  the  pipe  in 
question.  In  the  case  just  cited  the  light  must  be  gradually  excluded 
in  due  proportion  to  the  downward  closing  motion  of  the  tongue: 
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in  short,  the  shadow-line  must  creep  in  a  linear  relationship  to  the 
closing  motion,  a  consistently  uniform  and  regular  progression  of 
movement.  With  this  kind  of  curvature  the  smoothest  tone  is 
produced  by  the  tongue  as  it  vibrates  up  and  down  on  its  shallot 
bed,  never  actually  making  material  contact  with  the  shallot  but 
definitely  cutting  off  the  air-flow  from  the  interior  of  the  shallot 
at  each  downward  stroke. 

When,  however,  we  tackle  the  curving  of  the  tongues  of  the 
more  lively  toned  reed  pipes,  such  as  the  trumpet  and  trompette,  a 
different  technique  is  required  from  that  employed  for  (b).  The 
shadow-line,  above  referred  to,  does  not  creep  in  linear  relationship 
to  the  closing  motion  of  the  tongue  but  is  quicker  at  certain  parts 
of  the  tongue  length  than  in  others.  It  begins  slowly,  which  means 
that  the  part  indicated  by  the  points  1  to  3  of  Fig.  6  is  given  a 
bigger  curve  than  would  be  allowed  to  the  oboe  or  clarinet  tongues. 
In  fact,  the  trumpet  tongue  starts  to  curve  with  a  bold  sweep  and 
the  part  represented  by  points  3  to  6  is  correspondingly  less  curved 
so  that  the  shadow-line  at  this  particular  place  is  quicker  in  motion. 
But  these  comparatives  (slower,  quicker)  are  relative  to  the  whole 
and  must  not  be  given  exaggerated  meanings.  The  actual  differ- 
ence in  speed  between  the  motion  of  the  shadow-line  as  it  travels 
from  point  1  to  3  and  from  3  to  6  is  almost  microscopic  and  barely 
noticeable  in  the  smaller  tongues  though  distinctly  so  in  the  larger 
ones.  At  point  6,  and  onwards  the  curve  is  relatively  increased 
again— the  shadow-line  slows  down— so  tihat  the  typical  "end 
curve",  as  it  is  called,  may  conform  to  the  trumpet  characteristic. 
The  effect  of  these  two  special  deviations  from  the  logarithmic 
production  of  (a)  is  as  follows:  the  curvature  at  1  to  3  accentuates 
the  second  harmonic  though  not  at  the  expense  of  the  first,  while 
that  at  the  end  (6  to  11)  encourages  the  harmonic  above  the  first 
three.  In  fact,  one  may  roughly  divide  the  tongue  length  into 
harmonic  zones  and  predicate  that  the  accentuation  of  curvature 
at  each  point  or  zone  from  the  clamped  end  to  the  free  end  affects 
more  or  less  the  harmonic  associated  with  that  point  or  zone,  since 
the  amount  of  curve  at  any  one  point  or  zone  determines  the  char- 
acter of  the  air-flow  and  its  control  by  the  vibrating  mechanism.  At 
the  same  time  we  must  be  on  our  guard  against  accepting  this 
theory  too  literally,  since  the  mechanism  is  really  functioning  as  an 
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integrated  system  and  each  part,  including  every  point  of  the 
vibrating  tongue,  is  affected  by  all  the  remainder.  It  is  possible  to 
increase  the  curve  at  any  zone  of  the  tongue  length  without  upset- 
ting the  fundamental  'correctness"  of  the  arc,  and  thus  to  impart 
to  the  reed  almost  innumerable  variations  of  tone-quality. 

The  actual  process  of  curving  a  tongue  to  give  the  characteristic 
of  (b)  is  that  of  applying  a  logarithmic  increase  of  pressure  from 
point  1  to  point  1 1  with  a  single  stroke  of  the  burnisher.  To  obtain 
the  characteristic  curve  of  (a)  is  by  no  means  so  easy.  It  is  the 
opinion  of  most  reed  voicers  that  it  cannot  be  done  by  burnishing 
only:  the  adjustments  must  be  made  by  hand  in  subsequent  opera- 
tional treatment.  However,  let  me  offer  the  tyro  one  humble 
suggestion.  Apply  the  burnisher  to  points  1  to  5  only  at  first  and 
do  so  quite  lightly  but  with  the  normal  graduated  pressure  tech- 
nique. Remove  the  tongue  from  the  block  and  examine  the  curve 
thus  made.  Next  re-clamp  the  tongue  and  execute  a  complete 
stroke  of  the  burnisher  so  that  next  time  the  tongue  is  examined  it 
will  exhibit  a  good  quality  of  curve  from  end  to  end.  Now  fit  the 
tongue  to  the  shallot,  set  the  tuning  spring  at  a  point  about  two- 
thirds  from  the  base  of  the  shallot  and  tongue  and  try  the  note  on 
a  voicing  machine.  (It  is  assumed  that  the  complete  reed-pipe  is 
ready  to  hand  as  well  as  the  voicing  machine.)  The  odds  are  a 
hundred  to  one  against  the  note  sounding  satisfactorily,  and  even 
if  it  appears  to  do  so,  it  does  not  follow  that  it  is  incapable  of  im- 
provement. Remove  the  tongue  from  the  shallot  and  re-clamp  it 
to  the  block.  Place  a  thin  wooden  wedge  underneath  the  wide  end 
of  the  tongue  as  shown  in  Fig.  7,  the  wedge  being  with  advantage 
of  the  sloping  type  and  quite  thin.  Burnish  the  points  1  to  5  again 
and  be  sure  not  to  take  the  tool  beyond  point  5.  The  pressure  must 
be  light  and  tentative.  Examine  the  tongue  for  flats.  There  should 
be  none.  The  re-assembled  mechanism  should  give  a  better  ac- 
count of  itself.  Even  so,  "there's  many  a  slip!" 

The  expert  voicer  will  not  need  to  waste  time  in  transferring 
the  tongue  to  the  burnishing  block,  let  alone  inserting  wedges  and 
re-burnishing.  He  will  use  his  fingers.  He  will  take  the  reed  pipe 
as  it  is,  remove  the  tuning  spring  and  unblushingly  insert  a  thin, 
narrow  knife-blade  (or  other  suitable  implement)  between  tongue 
and  shallot,  rubbing  the  top  surface  of  the  tongue  with  the  ball 
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of  his  thumb  as  he  plies  the  tool  and  moulding  the  tongue  at  this 
or  that  point  to  the  required  curve.  The  operation  is  a  real  caress 
and  needs  to  be.  One  famous  reed  voicer  assured  me  that  it  took 
him  ten  years  to  acquire  this  particular  technique.  When  mastered 
it  saves  a  lot  of  time  and,  in  fact,  it  is  essential  to  the  attainment  of 
real  success.  Care  has  to  be  taken  to  avoid  overbending  the  tongue 
at  points  1  to  3 :  one  almost  invariably  does  this  in  early  attempts. 

The  larger  and  thicker  tongues  of  the  16  ft.  octave  (e.g.  trom- 
bone and  double  trumpet)  may  be  curved  by  one's  forefinger  and 
thumb  as  indicated  in  the  photograph  Fig.  8.  The  tongue  is 
clamped  to  the  block  (or  the  shallot,  if  preferred)  and  curved  by 
running  the  thumb  along  it  from  point  1  to  point  10  with  gradu- 
ated increase  of  pressure  against  one's  forefinger.  This  must  be 
repeated  till  the  desired  degree  of  curvature  is  attained.  The 
motto  here  is  "go  slow"  The  finishing  touches  (for  trumpet  tone) 
can  be  applied  by  burnishing  on  the  block  with  a  wooden  wedge 
inserted  under  the  tongue  end  as  in  Fig.  7.  This  operation  has 
already  been  described  above.  I  do  not  recommend  burnishing 
this  kind  of  tongue  on  the  block  for  the  initial  curve:  the  choice 
lies  between  the  curving  machine  (which  only  a  few  have  at  their 
disposal)  and  the  hand  method. 

The  question  of  tongue  thickness  is  complicated  by  the  diver- 
gent opinions  of  voicers  on  the  subject.  It  is,  for  instance,  quite 
possible  to  employ  a  tongue  of  say  0.025  in.  thickness  for  a  trom- 
bone pipe  in  the  lowest  octave  with  a  suitable  degree  of  curvature 
(and  load)  and  then  to  substitute  another  tongue  of  0.035  in. 
thickness  and  curve  this  (with  a  loaded  end)  to  give  a  similar 
note.*  The  two  notes  when  compared  will  not  really  be  exactly 
the  same  in  quality  but  quite  near  enough  to  satisfy  most  ears.  All 
that  we  can  say  is  that  there  is  a  definite  limit  either  way  for  the 
choice  of  gauge  with  a  given  pressure  of  wind  beyond  which  the 
tongue  refuses  to  function  satisfactorily.  If  too  thin,  it  buzzes  and 
chokes,  and  if  thinner  still,  it  rattles:  if  too  thick,  it  cannot  be  tuned 
low  enough,  and  if  thicker  still  it  is  slow  in  attack  and  poor  in  tone 
when  it  does  get  going.  This  condition  is  applicable  to  all  pitches 
from  the  lowest  32  ft.  pipe  to  the  highest  clarion  pipe. 

*The  thicknesses  could  be  scaled  from  0.025  in.  to  0.013  in.  for  the  lowest  thirteen 
pipes  or"  the  16  ft.  octave,  or  from  0.035  to  0.02  in. 
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It  the  thicker  gauge  is  selected  (within  the  limits  prescribed  by 
Nature)  the  curve  has  to  be  distributed  more  gradually  and  to 
start  at  a  point  close  to  the  wedge.  Hence  it  is  not  possible  to  repro- 
duce the  characteristic  Willis  trumpet  quality— if  one  desires  to 
do  so— with  this  type  of  curve,  which  is  more  suited  to  the  tromba 
category  of  chorus  reed.  Indeed,  the  advent  of  the  close-toned 
chorus  reed  coincides  with  the  introduction  of  "thick,  hard  brass" 
for  tongues.  The  chorus  reeds  associated  with  the  name  of  Willis 
are  distinguished  by  the  use  of  relatively  thinner  and  softer  tongues 
with  bolder  curves  as  above  described.  The  qualifying  adverb 
"relatively"  is  important  in  this  connection  since  still  softer  and 
thinner  tongues  were  commonly  in  use  by  the  early  Victorian 
builders.  I  know  of  several  instances  where  the  employment  of 
tongues  of  suitable  gauge  and  malleability  has  resulted  in  the 
production  of  reeds  which  have  become  mellowed  with  the  passing 
of  years  like  the  briar  pipe  so  beloved  of  the  nineteenth  century 
smoker.  It  is  a  great  mistake  to  suppose  that  good  reeds  can  only  be 
produced  with  hard,  thick  brass  tongues. 

Some  voicers  have  been  known  to  make  the  tongue  head  thicker 
than  the  remainder  of  the  length,  but  this  is  quite  unnecessary. 
Again,  I  have  actually  encountered  tongues  whose  under  surface 
has  been  coated  with  split-skin!  Whether  the  shallot  surface  or  the 
tongue  is  so  treated,  the  mere  presence  of  leather  would  seem  to 
indicate  the  voicer's  inability  to  curve  the  tongue  properly.  Leath- 
ering reeds  has  been  described  as  the  "last  desperate  resource  of 
the  incompetent  voicer."  Wooden  shallots— often  used— of  trom- 
bone pipes  are  frequently  leathered,  because  in  process  of  time 
the  wood  "dries  out"  and  the  surface  becomes  uneven. 

The  pressure  of  wind  employed  is,  of  course,  a  very  vital  factor. 
As  the  pressure  is  increased,  so  is  the  tongue  curve  increased,  other 
conditions  being  unaltered.  Broadly  speaking,  one  may  either 
increase  the  curve  or  employ  a  thicker  tongue;  but  as  the  pressure 
is  raised  beyond  a  certain  point,  it  will  be  found  necessary  to  in- 
crease both  curve  and  thickness.  When  this  is  done,  the  result  in 
quality  will  be  apparent:  there  will  be  a  definite  increase  of  funda- 
mental harmonic  and  this  alteration  of  characteristic  has  to  be 
taken  into  due  account  in  the  planning  of  an  organ  tonal  scheme. 
The  "neobaroque"  school  of  tonal  architecture  bans  heavy  pressure 
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reeds  for  this  reason,  on  the  ground  that  such  reeds  cannot  be 
accommodated  in  the  particular  tone-pattern  of  their  devising. 
The  general  limit  is  placed  at  5  in.  pressure,  and  even  this  is  con- 
sidered excessive,  IV2  in.  being  preferred  as  the  maximum.  Actu- 
ally, the  change  in  characteristic  becomes  most  noticeable  as  the 
limit  of  4?4  in.  is  passed,  though  it  begins  to  assert  itself  after 
passing  the  3Vz  in.  datum  line.  As  the  pressure  is  increased,  so  it 
is  necessary  to  reduce  the  scaling  of  the  tube,  if  the  higher  harmon- 
ics are  to  be  conserved. 

There  are  two  reasons  for  employing  heavy  pressures;  (a)  for 
obtaining  power  beyond  the  capacity  of  a  low  pressure  reed  with- 
out sacrificing  all  refinement  of  tone,  and  (b)  for  producing 
smooth  tromba  or  horn  tone  of  adequate  power.  A  low  pressure 
tromba  would  be  too  modest  in  "acoustic  output"  to  justify  its 
existence,  especially  if  enclosed  in  a  swell  box,  while  a  low  pressure 
trumpet  could  be  made  quite  reasonably  assertive— up  to  a  point- 
owing  to  the  harmonic  development  allowed  to  it. 

It  is  said  to  be  much  easier  to  voice  a  reed  on  high  than  on  low 
pressure,  and  there  is  much  truth  in  the  statement.  I  remember  a 
famous  voicer,  after  grappling  with  a  tromba  on  8  in.  wind,  bitterly 
complaining  that  he  had  "no  wind  to  voice  the  reed  on."  When 
asked  what  pressure  he  would  have  liked  to  have,  his  reply  was: 
"give  me  12  to  15  in.  and  I'll  show  'em  what's  what."  Not  every 
voicer  of  reeds  can  make  a  really  good  job  of  a  low  pressure  trumpet 
on,  say,  V/i  in.  wind.  There  is  a  secret  here  that  needs  to  be  dis- 
closed, and  it  lies  hidden  in  the  curving  of  the  tongue.  There 
must  not  be  too  much  end  curve,  but  more  initial  curve  in  pro- 
portion to  the  end  curve.  This  is  the  secret.  Again,  the  successful 
voicing  of  low  pressure  pedal  reeds  in  the  1 6  ft.  octave  is  not  given 
to  everyone,  which  explains  why  so  many  examples  are  so  intoler- 
ably harsh  and  blatant.  In  any  case,  adequate  power  on  low  pres- 
sure can  only  be  secured  by  using  unweighted  tongues  and  these 
must  be  long  and  thin.  Inharmonic  overtones  are  unavoidable 
under  these  conditions,  but  when  such  notes  are  sounded  along 
with  the  tonal  combinations  of  manual  stops,  their  inharmonic 
overtones  are  masked  and  the  general  effect  is  quite  impressive. 
Heavy  pressure  pedal  reeds,  on  the  other  hand,  should  always  be 
weighted  unless  they  happen  to  be  designed  for  extreme  brassiness 
in  an  ultra-resonant  building. 
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We  may  summarize  the  foregoing  factors  relating  to  the  voicing 
of  reed  pipes  as  follows: 

1.  The  tongue  must  be  correctly  curved  so  that  all  "flats"  are 
eliminated. 

2.  The  tongue  must  be  appropriately  curved  to  suit  the  par- 
ticular type  of  tone  and  power  aimed  at. 

3.  Too  much  curve  makes  the  note  slow  in  attack  (tested  by 
a  smart  tap  of  the  key);  too  little  curve  means  a  weak  note  or 
a  note  that  croaks,  buzzes  or  rattles. 

4.  Thin  tongues  tune  at  shorter  vibrating  length  than  thick 
tongues.  Thick  and  thin  tongues  require  their  own  appro- 
priate curvature  in  each  case. 

5.  The  exact  gauge  of  tongue  must  be  chosen  by  the  voicer. 
There  is  a  definite  limit  of  choice,  however. 

6.  Low  pressure  generally  means  reduced  power,  but  more 
harmonics.  High  pressure  means  increased  power  and  in- 
creased fundamental  with  less  or  greater  harmonic  develop- 
ment according  to  treatment. 

(4)  We  must  now  proceed  to  discuss  in  brief  the  relation  of 
tube  to  tongue.  Actually,  the  tube  (or  resonator  air  column) 
exercises  no  little  control  of  the  tongue,  or,  to  express  the  matter 
more  scientifically,  the  air  waves  generated  in  the  shallot  are  pro- 
foundly modified  by  the  vibrating  air  column  of  the  resonator. 
(See  Fig.  42. )  However,  a  reed  voicer  very  quickly  discovers  this 
fact  and  is  therefore  compelled  to  ascertain  the  optimum  length  of 
tube  to  suit  the  vibrating  length  of  the  tongue.  He  may  cut  the 
tube  (already  on  the  long  side  for  safety)  at  the  top  and  so  shorten 
it  bit  by  bit  till  the  optimum  length  is  found,  or  else  he  may  adjust 
the  length  of  the  tube  by  means  of  the  slot  and  regulating  tongue. 
(It  is  rather  a  pity  that  we  have  not  a  different  word  for  this  latter 
device,  but  the"  voicer  is  not  worried  by  this  use  of  the  same  term 
to  denote  two  very  different  parts  of  a  reed  pipe.)  If  the  tube  is 
too  long,  the  note  will  be  soft  and  choky  or  else  will  fly  up  to  a 
harmonic  (as  already  explained  in  Chapter  IT):  if  too  short,  the 
note  will  be  "uncontrolled"  and  emit  a  rasping  quality  of  tone. 
There  is  many  a  reed  stop  that  has  its  tubes  on  the  short  side 
and  the  lengthening  of  the  tube  often  produces  an  almost  miracu- 
lous improvement.  It  is  very  necessary  to  find  just  the  right  length 
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of  tube  for  each  and  every  note  of  the  stop  and  this  is  a  desideratum 
too  seldom  attained.  In  voicing  at  the  machine,  the  operator  should 
first  of  all  set  the  tuning  spring  at  the  optimum  point  of  the  tongue 
for  best  tongue  length  and  then  see  to  it  that  the  tube  does  not 
upset  the  result  obtained.  Thus,  if  the  tube  is  too  long  when  the 
note  is  tested  to  the  pitch  of  the  principal  (i.e.  octave  diapason 
pipe,  4  ft.  pitch)  to  which  it  has  to  be  in  perfect  tune,  the  tube 
should  be  shortened  and  not  the  tongue.  When  the  note  is  in 
perfect  tune  to  pitch  its  quality  should  be  subjected  to  the  fiercest 
criticism  and  further  minute  adjustments  of  tube  and/or  tongue 
attended  to. 

Then  there  is  the  all-important  question  of  regulation.  Is  the 
note,  when  finished  as  such,  of  correct  strength  as  an  individual 
member  of  the  community  which  it  is  designed  to  serve?  In  short, 
is  it  too  loud  or  too  soft?  If  too  loud,  the  tuning  spring  must  be 
tapped  down  and  the  tube  lengthened,  since  shortening  the  tongue 
will  sharpen  the  pitch  and  the  tube  must  be  lengthened  to  bring 
the  note  back  to  correct  pitch.  And  vice  versa  if  the  note  is  too 
soft. 

The  influence  of  temperature  is  another  factor  by  no  means  to 
be  despised.  The  voicer  must  carefully  note  the  temperature  oi 
the  room  in  which  he  is  conducting  operations  so  that  the  reed 
may  be  known  to  be  in  good  regulation  and  tune  at  that  tempera- 
ture though  not  necessarily  in  such  good  regulation  or  in  such  good 
tune  in  a  lower  or  higher  temperature.  What  then?  The  building 
in  which  the  reed  eventually  finds  its  home  will  be  subjected  to 
temperature  changes  and  the  tuning  of  the  reed  to  suit  these 
changes  may,  and  almost  certainly  will,  also  modify  the  quality 
and  upset  the  regulation.  There  is,  of  course,  a  margin  of  safety 
for  slight  variations  of  temperature,  but  this  margin  is  often  in- 
sufficient for  the  more  violent  changes  of  temperature  in  winter 
and  summer.  In  this  case  the  only  course  to  pursue  is  for  the  tuner 
to  adjust  the  tuning  spring  and  the  regulating  slot  so  that  the 
relationship  of  tube  and  tongue  may  be  preserved  as  far  as  possible. 
The  chief  point  in  this  connection,  however,  is  that  the  voicer 
should  see  to  it  that  the  finished  reed,  when  transferred  from  the 
machine  in  the  voicing  shop  to  its  permanent  home  is  readjusted  so 
afs  to  produce  as  far  as  possible  the  same  good  result  in  that  building 
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as  on  the  machine.  It  may  be  that  its  power  will  need  increasing 
or  that  certain  minor  modifications  will  be  necessary  to  bring  its 
contribution  to  the  whole  up  to  the  highest  possible  value  in  its 
new  environment.  Be  that  as  it  may,  the  ultimate  fate  of  this  reed 
definitely  rests  in  the  hands  of  the  finisher  at  the  console,  who 
himself  should  co-operate  with  the  voicer  in  this  work. 


CHAPTER    IV 

THE  REED  DOCTOR 

A  few  general  hints  to  those  who  wish  to  remedy  faults  of  speech 
in  reed  pipes  may  be  of  use.  This  short  chapter  is  therefore  written 
to  help  such  would-be  reed  doctors.  At  the  same  time  it  cannot  be 
too  emphatically  stated  that  amateurs  are  not  really  qualified  to 
handle  the  delicate  mechanism  of  a  reed  unless  they  have  first  had 
some  instruction  from  a  practical  voicer.  This  chapter  is,  therefore, 
intended  for  such  and  not  for  the  average  organist  or  organ  lover. 
A  possible  exception  may  be  made  in  the  case  of  the  owner  of  a 
house  organ  who  is  the  only  person  responsible  for  damage  done 
and  is  willing  to  take  the  risk  of  damage  on  his  own  shoulders. 
There  is  also  the  exceptional  case  of  the  isolated  village  church 
organist  who  has  to  rely  upon  his  own  resources  in  emergency  and 
has  a  natural  bent  for  mechanical  work.  Why  should  he  not  have 
a  shot  at  putting  that  dumb  oboe  note  on  its  speech  before  Sunday 
comes? 

1 .  Let  us  start  with  this  dumb  pipe.  Almost  invariably  this  fault 
is  caused  by  dirt  getting  into  the  shallot  and  between  the  shallot 
face  and  the  tongue.  There  are  three  possible  remedies. 

( 1 )  Knock  the  tuning  spring  up  and  down  in  order  to  unseat 
the ' 'foreign  body" 

(2)  Take  out  the  pipe,  remove  the  boot  and  the  spring  crook 
from  the  tongue:  then  insert  a  thin  sheet  of  paper  (of  the 
kind  on  which  these  words  are  printed)  between  tongue  and 
shallot,  holding  the  tongue  down  firmly  against  the  paper 
sandwich  with  the  left  thumb  resting  on  the  tongue  head. 
Now  with  the  right  thumb  and  forefinger  draw  out  the  paper 
sheet  against  the  pressure  of  the  left  thumb,  at  the  same  time 
moving  that  thumb  towards  the  clamped  end  of  the  tongue. 

33 
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The  thumb— be  it  noted— moves  in  the  opposite  direction  to 
that  in  which  the  paper  sheet  is  pulled  out.  Repeat  the  opera- 
tion two  or  three  times  and  examine  the  under  surface  or  the 
tongue  to  make  sure  that  it  is  quite  clean. 
(3)  Should  the  above  method  fail  to  clean  the  tongue  owing 
to  some  greasy  substance  or  chemical  having  found  its  way 
in,  the  tongue  must  be  removed  and  cleaned  with  fine  sand- 
paper. The  wedge  is  levered  out  of  the  block-hole  (by  means 
of  a  stout  knife-blade  for  the  smaller  pipe  or  a  chisel  for  the 
larger)  and  the  tongue  carefully  taken  out  by  gripping  first  its 
edges  and  then,  as  soon  as  the  head  is  projecting  a  sufficient 
distance  from  the  shallot  base,  carefully  extracting  it  by  its 
head.    Next,  the  tongue  should  be  clamped  to  the  burnishing 
block,  underside  up,  and  sandpapered.    The  sandpapering 
must  be  very  gently  applied  so  as  to  avoid  upsetting  the 
curvature,  and  in  order  to  prevent  the  free  edge  from  being 
fouled  by  the  return  stroke  of  the  sandpaper  it  is  necessary  to 
make  the  stroke  from  tip  to  head  only  and  not  in  the  reverse 
direction.    This  third  method  of  cleaning  ought  not  to  be 
attempted  by  anyone  but  a  voicer,  since  the  odds  in  favour 
of  the  original  curve  of  the  tongue  being  preserved  after  the 
sandpapering  process  are  extremely  slender.  An  experienced 
voicer  will  have  no  difficulty  in  carrying  out  the  operation. 
Sometimes  a  note  is  silent  because  a  foreign  body  (such  as 
an  insect  or  a  piece  of  wood)  has  fallen  down  the  pipe  into 
the  shallot,  or  a  large  obstacle  may  have  become  lodged  in 
the  tip  of  the  resonator.   The  only  remedy  is  removal  of  the 
shallot  and  then  of  the  obstacle. 
2.  Then  there  is  the  slow  speaking  pipe.    This,  too,  may  be 
caused  by  the  presence  of  dirt  between  tongue  and  shallot,  and  if 
so,  the  cure  has  already  been  prescribed.    But  usually  the  fault  is 
due  to  an  over-curved  tongue.  The  remedy  for  this  is  obvious:  the 
tongue  must  have  its  curve  reduced.    A  quick  method  is  to  shift 
the  spring  back  to  the  wedge,  hold  the  tongue  head  firmly  down 
on  to  the  shallot  with  one  hand  and  with  the  other  to  burnish  the 
tongue  backwards  and  forwards  with  a  light  pressure  of  the  bur- 
nisher.   Having  done  this,  the  portion  of  tongue  surface  close  to 
the  wedge  must  be  burnished  as  far  as  the  middle  point  between 
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tip  and  head  with  a  slightly  graduated  increase  of  pressure  from 
the  wedge  onwards.  The  tongue  curve  should  be  examined  as 
explained  in  the  previous  chapter  to  see  if  any  flats  have  been 
produced.  The  object  of  re-curving  the  tip  or  wedge  end  is  to 
provide  against  such  a  contingency.  Alternatively,  the  tongue  may 
be  removed,  clamped  to  the  burnishing  block  with  its  under  sur- 
face placed  upwards  and  burnished  with  the  usual  graduation  of 
pressure  so  as  to  reverse  the  curvature  to  the  degree  required.  The 
first  stroke  must  be  made  on  the  gentle  side  and  not  repeated  till 
the  tongue  has  been  replaced  and  tested  for  speech  on  the  sound- 
board. It  may  be  pointed  out  that  if  a  steel  block  is  used  the  curva- 
ture due  to  burnishing  is  reversed  since  there  is  no  'give"  or 
"spring"  on  the  metal  surface. 

3.  The  opposite  defect,  that  of  overblowing  to  a  harmonic  or 
of  weak  tone  with  prompt  speech,  is,  of  course,  due  to  an  insuffi- 
ciendy  curved  tongue.  It  is  much  easier  to  increase  than  to  reduce 
the  curve!  The  quick  cure  is  to  insert  a  thin  knife-blade  between 
tongue  and  shallot,  having  first  shifted  the  spring  back  a  little  way, 
and  rub  the  ball  of  the  thumb  along  the  top  surface  of  the  tongue 
with  the  gentlest  of  pressure.  It  is  very  easy  to  increase  the  curve 
too  much,  so  the  rubbing  must  be  done  with  a  fairy-like  touch. 
Alternatively,  the  tongue  can  be  re-burnished  on  the  voicing  block. 

4.  A  pipe  may  emit  a  husky,  choking  note,  or  sound  the  octave 
below  along  with  its  own  proper  note.  This  defect  is  usually  due 
to  (a)  the  tongue  being  overdriven,  though  (b)  it  can  happen  if 
the  air  column  in  the  boot  is  setting  up  independent  vibrations 
and  imposing  its  resonance  frequency  on  the  reed  system. 

The  cure  for  (a)  is  to  reduce  the  wind  pressure  by  tapping  up 
the  boot-hole  (and  so  reducing  its  diameter),  or,  better  still,  to 
substitute  a  thicker  tongue  for  the  existing  one.  It  is  possible,  of 
course,  to  tune  the  "choke"  out  by  lowering  the  pitch  of  the  pipe 
(e.g.  tapping  the  tuning  spring  up  a  little),  but  the  note  will  prob- 
ably be  too  loud  by  the  time  the  fault  is  remedied.  Sticking  a  felt 
weight  to  the  end  of  the  tongue  will  also  often  effect  a  cure,  but 
here  again  the  quality  of  tone  will  be  modified,  unless  it  so  happens 
that  the  tongue  of  the  offending  pipe  originally  had  a  weight  which 
has  fallen  off.  Again,  a  reed  pipe  will  behave  in  this  unseemly 
manner  if  the  tongue  is  incorrectly  curved  with  too  little  curve  at 
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and  just  beyond  the  tuning  spring  point.   The  only  cure  is  to  re- 
curve the  tongue. 

(b)  If  the  choking  sound  is  caused  by  interference  from  the  air 
column  in  the  boot,  the  latter  should  have  a  small  hole  pierced  in 
its  side  in  order  to  damp  the  fundamental  resonances  of  the  air 
column.  Reducing  the  boot-hole  is  also  recommended  if  the 
piercing  of  the  boot  does  not  effect  a  complete  remedy.  It  is  never 
necessary  to  apply  either  process  to  reeds  voiced  on  pressures  above 
5  in.,  since  the  energy  of  the  air  flow  in  the  boot  is  sufficient  to 
damp  the  resonance  of  the  air  column. 

5.  If  a  pipe  is  giving  an  unusually  harsh  and  loud  note  (com- 
pared with  the  remainder  of  the  stop)  it  should  be  retuned  at  the 
spring  to  speak  properly  and  then  brought  to  pitch  by  means  of 
the  regulating  slot  at  the  top  of  the  tube.  If  the  note  is  too  soft 
and  lacking  in  vitality,  the  vibrating  length  of  the  tongue  should 
be  lengthened  and  the  tube  shortened— i.e.,  reversing  the  above 
process  effects  a  cure. 

6.  Reed  tubes  which  are  too  short  may  be  lengthened  by  one 
or  other  of  the  following  methods  (though  not  all  of  them  are 
always  possible  or  desirable) :- 

(a)  closing  the  regulation  slot; 

(b)  covering  the  top  of  the  tube  with  a  "half-cap"  of  wood; 

(c)  fitting  a  thick  felt  conical  collar  inside  the  top  of  the  tube; 

(d)  fitting  a  continuation  sleeve  of  metal  (or  other  material) 
to  the  top  of  the  tube; 

(e)  in  the  case  of  bass  pipes  with  detachable  tubes  and  sock- 
ets, inserting  a  paper  sandwich  tube  inside  the  tip  of  the 
socket  and  so  enabling  the  tube  to  be  fitted  less  deeply  into 
the  socket  tip.  The  paper  tube  must  be  of  the  correct  thick- 
ness to  hold  the  tube  in  the  optimum  position. 

But,  of  course,  the  best  method  of  all  is  to  get  a  pipe-maker  to 
solder  extra  lengths  of  tube,  or  else  to  solder  an  adjustable  cap,  to 
the  top  of  each  pipe  requiring  such  treatment.  The  five  above- 
mentioned  devices  are  only  to  be  resorted  to  when  a  pipe-maker 
is  not  available  and  even  then  only  as  a  temporary  expedient,  as  in- 
deed are  practically  all  the  remedies  suggested  in  this  chapter.  The 
doctoring  of  organ  pipes  should  be  entrusted  to  the  professional. 


CHAPTER    V 

THE  TREATMENT  OF  VARIOUS  REED  STOPS 

In  Chapter  III  some  attempt  was  made  to  give  the  reader  an 
idea  of  the  general  process  of  reed  voicing.  In  this  chapter  I  pro- 
pose to  deal  with  the  voicing  of  certain  types  of  reed  stop. 

The  treatment  of  pipes  of  the  trumpet  and  tromba  class  has 
already  been  described  and  it  remains  to  offer  some  suggestions 
to  the  would-be  voicer  of  other  types  well  known  to  every  organ 
lover.  If  we  exclude  the  normal  chorus  reed  from  our  present  list 
we  are  left  with  (I)  the  romantic  reeds  and  (II)  the  baroque  reeds. 

I.  Romantic  reeds.  Of  these  the  best  known  are  the  oboe,  clari- 
net, cor  anglais  and  vox  humana. 

The  tongues  of  all  these  reeds  have  much  the  same  type  of 
curve,  namely  a  more  gradual  increase  of  gyration  from  the  tuning 
spring  point  to  the  head  (points  1  to  1 1  of  Fig.  6)  The  curve 
makes  a  modest  start  at  1  to  3  and  proceeds  in  leisurely  fashion 
right  to  the  very  end.  The  technique  of  curving  is  different  from 
that  employed  for  chorus  reeds:  the  burnisher  is  firmly  grasped 
and  the  burnishing  stroke  is  quite  rapid  (a  tenth  of  a  second  in 
duration),  finishing  exactly  one  inch  beyond  the  end  of  the  tongue 
on  to  the  block  surface.  The  latter  surface  should  be  marked  with 
a  pencil  at  this  particular  distance  from  the  tongue's  edge  at  point 
1 1  and  the  burnishing  stroke  should  be  so  contrived  as  to  end  at 
that  mark  in  a  1/  10th  second  from  the  start.  The  voicer's  mind 
should  be  concentrated  on  the  point  1 1  and  not  on  any  preceding 
point,  and  he  should  press  quite  lightly  at  point  1.  The  correct 
degree  of  pressure  at  point  1 1  is  obtained  by  the  time  taken  to 
complete  the  stroke  and  not  by  the  increasing  wrist  pressure  as  the 
stroke  is  being  made.  The  stroke  should  be  repeated  till  the  re- 
quired degree  of  curvature  is  attained.  The  thicker  the  tongue 
the  greater  the  pressure  at  point  1 ,  that  is,  at  starting.  The  tendency 
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is  to  give  the  tongue  insufficient  curvature  from  points  1   to  5. 
Forewarned  is  forearmed. 

(a)  The  non-imitative  oboe.  This  is  usually  regarded  as  the 
easiest  reed  pipe  to  voice,  and  perhaps  it  is.  The  tone  is  controllable 
by  means  of  (1)  tuning  the  tongue  to  the  pitch-length  required 
and  (2)  adjusting  the  regulation  cap  at  the  top  of  the  bell.  Some 
voicers  pierce  a  small  hole  just  below  the  bell  in  order  to  "thin 
down  the  tone".  As  stated  in  Chapter  1,  there  are  two  kinds  of  non- 
imitative  oboe,  one  possessing  a  horn-like  quality,  the  other  a  more 
piquant  note  with  a  characteristic  wail.  The  tone  of  the  latter  is 
produced  by  (1)  giving  the  tongue  a  curve  approaching  more 
nearly  to  that  of  the  trumpet,  actually  a  compromise  curve  between 
that  of  the  horn-oboe  and  that  of  the  trumpet,  and  by  (2)  shorten- 
ing the  tube  so  as  to  encourage  the  necessary  harmonic  develop- 
ment. The  bells  also  should  be  of  optimum  shape  and  not  too  wide 
at  the  top  in  proportion  to  the  width  at  the  bottom.  The  tongue 
should  be  given  a  slight  increase  of  initial  curve,  from  point  1  to 
point  5,  but  there  should  be  no  increase  of  end  curve  after  point  8. 
Thin,  soft  brass  is  ideal  for  this  stop.  The  horn-oboe  has  a  smoothly 
distributed  tongue  curve  and  is  regulated  for  close  tone  by  making 
the  tubes  long  in  relation  to  the  tongue  length.  The  bells  may  be 
slightly  increased  in  diameter  at  the  top  and  either  completely  or 
partially  capped.  No  hole  should  be  pierced  at  the  top  of  the  tube 
(just  under  the  bell).  The  lowest  twelve  notes  (from  CC  to  BB) 
should  have  weighted  tongues  in  order  that  the  smooth  tone  may 
be  carried  down  in  this  8  ft.  octave.  The  most  useful  scale  for  the 
oboe  is  2Y%  in.  at  the  top  of  the  bell  for  the  4  ft.  pipe,  the  diameter 
of  the  tube  where  it  meets  the  bell  being  \lA  in.  The  tenor  C  (4 
ft.)  tube  measures  2  ft.  6  in.  from  tip  to  top,  to  which  must  be 
added  the  length  of  the  bell,  which  is  9  in.  The  bell  is  best  par- 
tially capped  with  a  circular  metal  lid  soldered  half-way  round  the 
top  perimeter  and  the  other  half  left  free  for  adjusting  the  opening. 

(b)  The  orchestral  oboe  has  a  much  thinner  and  more  piquant 
tone  than  the  non-imitative  oboe;  in  fact,  the  voicer  usually  does 
his  level  best  to  produce  as  thin  and  acid  a  quality  as  he  can.  To 
this  end  he  considerably  reduces  the  scales  of  the  shallot  and  the 
tube  with  the  object  of  giving  free  rein  to  the  pipe's  harmonics. 
The  tube  may  take  the  form  of  either  ( 1 )  a  plain  cone,  capped  or 


THE    TREATMENT   OF    VARIOUS    REED    STOPS  39 

open  at  the  top,  as  desired,  or  (2)  a  cone  surmounted  with  a  bell 
like  that  of  the  non-imitative  oboe.  Father  Willis  employed  the 
former  type  with  a  cap  and  slot,  the  diameter  at  the  top  being  about 
m  in.  at  4  ft.  The  latter  type  with  bells,  would  measure  at  4  ft. 
only  3/4  in.  in  diameter  at  the  top  of  the  tube  where  it  meets  the 
bell,  and  1  15/16  in.  at  the  top  of  the  bell.  Holes  are  pierced  just 
below  the  meeting  point,  and  the  bells  are  capped.  The  shallots 
are  as  narrow  as  possible  with  mere  triangular  slits  for  the  orifice 
and  the  bass  plate  is  often  made  to  recede  from  front  to  back  so  as 
to  ensure  the  back  of  the  shallot  being  shorter  than  the  front.  The 
very  narrow  tongues  demanded  by  the  equally  narrow  shallots 
produce,  as  one  would  expect,  a  very  thin  blaze  of  tone  which  the 
very  narrow  resonator  with  its  bell  top  does  nothing  to  curb.  The 
tongues  are  given  normal  oboe  curves. 

(c)  The  clarinet  has  a  half-length  cylindrical  tube  attached  to 
the  block  by  means  of  a  short  cone  (called  the  "conical  tip")-  The 
top  of  the  tube  may  be  capped  or  left  open  with  adjustable  slides 
sprung  on  top  for  the  voicer  (and  tuner)  to  knock  up  or  down  as 
required.  Many  voicers  favour  the  cap  and  slot,  but  it  is  impossible 
to  produce  the  free,  open,  woody  timbre  of  the  orchestral  instru- 
ment except  from  an  open  tube.  The  tongues  are  given  the  normal 
oboe  curve;  and  the  shallots  have  wide  short  triangular  openings, 
though  it  is  by  no  means  necessary  to  use  this  type  of  shallot  since 
the  cylindrical  tube  exercises  almost  complete  control  of  the  reed. 
Many  clarinets  have  too  short  a  tube  and  give  a  harsh  quality  of 
tone:  moreover,  even  if  the  voicer  has  carefully  regulated  the  stop 
with  the  correct  adjustment  of  tube  and  tongue  the  journeyman 
tuner  will  often  ruin  all  the  voicers  work  by  tuning  the  stop  at  the 
tongue  only  when  the  colder  weather  sets  in.  The  clarinet  is 
extremely  sensitive  to  changes  of  temperature  owing  to  the  tube 
being  of  half  length.  A  surprising  exception  to  this  rule  is  to  be 
found  when  the  tubes  are  fitted  with  sleeves  (illustrated  in  Fig.  5), 
especially  if  the  sleeves  are  made  of  cardboard. 

A  safe  scale  for  the  clarinet  is  Ws  in.  at  middle  C,  the  tube  being 
IWi  in.  long  from  the  tip  to  the  top.  It  is  best  to  give  every  pipe 
the  same  diameter  at  the  top  for  each  of  the  consecutive  twelve 
notes  in  each  successive  octave.  Thus,  the  scale  at  middle  C 
would  be  Ws  in.,  and  every  pipe  from  middle  C  to  B  below  treble 
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C  would  be  Ws  in.,  then  treble  C  will  be  1  1/16  in.  and  so  on  for 
the  following  eleven  pipes  till  the  next  C  is  reached,  when  the  stop 
will  be  completed  to  the  top  note  with  1  in.  diameter  pipes.  Below 
middle  C  this  arrangement  does  not  work  satisfactorily  and  the 
scaling  is  twice  changed  between  Ws  in.  and  \lA  in.  (at  tenor  C 
pipe  ):  the  8  ft.  octave  is  given  three  changes  from  VA  in.  at  tenor 
C  to  \}A  in.  at  CC.  If  carried  down  to  16  ft.  pitch,  the  scale  is 
increased  till  at  CCC  it  becomes  2!4  in.  This  is  only  a  suggested 
scale,  known  to  give  good  results:  a  certain  degree  of  latitude  is 
always  permissible.  If  the  scale  is  made  too  large  the  tone  becomes 
tubby  and  coarse,  while  if  too  small  the  tone  is  thin  and  nasal— 
in  fact,  the  musette  is  so  constituted  and  treated. 

(d)  The  cor  anglais  has  a  short  oboe  tube  surmounted  by  a 
double  bell  (see  Fig.  2).  Some  voicers  prefer  to  use  the  narrow 
tube  and  single  bell  of  the  orchestral  oboe,  so  that  it  would  appear 
that  there  is  no  hard  and  fast  rule  guiding  the  construction  of  this 
stop.  In  any  case  there  is  little  actual  resemblance  to  its  orchestral 
prototype  sq  that  the  question  of  correctness  of  design  is  not  of 
great  importance.  It  is  even  desirable  that  the  tone  and  character 
of  a  stop  labelled  "cor  anglais"  should  not  conform  to  any  one 
standard  model.  Let  the  organist  have  his  surprise  on  first  draw- 
ing the  stop  and  thereafter  feel  proud  of  possessing  such  a  delight- 
ful set  of  pipes.* 

(e)  The  vox  humana  is  in  reality  a  shortened  clarinet:  that  is, 
the  shallots  and  tongue  may  be  treated  in  exactly  the  same  way  and 
the  tubes  are  cylindrical  and  made  of  eighth,  quarter,  or  third 
length  according  to  the  voicers  caprice.  The  scale  varies  consider- 
ably also  with  the  different  builders,  and  since  the  stop  is  not 
regarded  as  essential  to  the  tonal  scheme  of  the  organ  it  does  not 
much  matter  what. form  it  takes  so  long  as  its  voice  is  acceptable 
to  the  listener.  For,  in  any  case,  it  is  best  enclosed  and  placed  in 
some  remote  corner  of  the  building  with  a  view  to  lending  it  an 
air  of  mystery  and  remoteness.  The  tubes  are  capped  in  order  that 
the  tone  may  be  controlled  sufficiently,  especially  if  the  shorter 
length  of  tube  is  employed.    Vox  humana  pipes  are  apt  to  go  out 

*This  and  other  examples  of  the  romantic  type  can  be  and  have  been,  made  with 
"free"  reeds  instead  of  "striking"  reeds,  but  free  reeds  are  now  regarded  as  unsuit- 
able for  inclusion  in  the  modern  pipe  organ. 
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of  tune  with  every  change  of  temperature  and  require  frequent 
tuning.  For  this  reason  the  third  length  tube  is  to  be  preferred 
with  sleeves  and  half-caps.  But  this  is  only  a  suggestion.  Owing 
to  the  shortness  of  the  tube,  the  boots  should  also  be  proportionately 
shorter  as  well,  and  the  boot-holes  quite  small. 

II.  Baroque  reeds.  These  have  already  been  mentioned  in 
Chapter  I  and  I  do  not  propose  to  occupy  more  than  a  very  brief 
space  in  suggesting  the  mode  of  treatment  to  be  generally  adopted 
in  this  special  department  of  reed  voicing.  It  has  been  stated  that 
baroque  reeds  are  abnormal  chorus  reeds  designed  to  blend  har- 
moniously with  the  flue  choruses  of  the  organ  and  lend  a  special 
flavoring  to  the  whole.  There  must,  therefore,  be  no  attempt  at 
great  power  or  weight  of  tone,  the  pipes  must  speak  lightly  and 
naturally  with  no  trace  of  forcing.  Low  pressures  are  essential 
and  small  scales.  The  tongues  should  be  of  thin,  soft  brass 
(though  there  may  be  reasons  for  adopting  different  kinds  and 
grades  of  material  for  the  production  of  special  effects),  and  given 
a  special  type  of  curve  similar  to  that  recommended  for  the  plain- 
tive oboe.  Thus,  the  initial  curve  is  steeper  than  for  the  horn-oboe 
or  clarinet,  while  the  end  curve  is  varied  in  accordance  with  the 
type  of  tone  aimed  at.  Weighting  is  reduced  to  a  minimum  and 
in  many  cases  eschewed  altogether.  These  reeds  are  essentially 
buoyant  and  free-toned  and  this  characteristic  must  always  be 
borne  in  mind  by  the  designer  and  voicer.  The  fundamental  har- 
monic is  not  encouraged,  hence  the  use  of  wind  pressures  not 
exceeding  5  in.  at  most.  Spotted  metal  is  favored  for  the  tubes, 
it  being  maintained  that  the  quality  of  tone  is  to  some  degree  at 
least  influenced  by  the  material  of  which  the  tubes  are  made.  This 
is  certainly  true  in  so  far  as  the  use.  of  zinc  is  concerned,  but  it  is 
difficult  to  determine  how  far  the  percentage  of  tin  in  the  metal 
alloy  of  organ  pipes  affects  the  quality  of  a  reed  pipe,  provided  the 
percentage  is  not  below  a  certain  proportion,  say  25  per  cent  of 
tin  to  75  per  cent  of  lead. 

It  must  be  pointed  out  that  the  designing,  voicing  and  general 
treatment  of  baroque  chorus  reeds  is  a  special  line  in  modern  organ 
building  of  quite  recent  development  in  America  by  the  Aeolian- 
Skinner  Organ  Company  and  the  Holtkamp-Sparling  Company. 
Whether  this  particular  method  of  reed  voicing  will  be  adopted 


42  THE    VOICING    AND    USE    OF    REED    PIPES 

by  any  of  the  British  organ  builders  remains  to  be  seen.    It  is  by 
no  means  unlikely. 

In  conclusion,  the  professional  organ  builder  who  scans  these 
pages  will  not  need  to  be  told  that  the  notes  on  voicing  are  by  no 
means  exhaustive.  They  are  intended  to  stimulate  interest  in  a 
subject  about  which  far  too  little  has  hitherto  been  written.  The 
organ  reed  has  at  least  received  some  of  the  attention  it  deserves 
both  from  the  scientific  investigator,  as  a  perusal  of  Part  II  of  this 
book  will  prove,  and  from  an  enthusiastic  organ  lover  who  has 
spent  many  an  hour  at  the  voicing  machine. 


CHAPTER   VI 

THE  ORGANIST  AND  HIS  REEDS 

The  player  of  organs  who  reads  this  book  may  feel  that  he  has 
been  left  out  in  the  cold  unless  a  hint  or  two  is  given  as  to  the 
effective  use  of  reed  stops.  I  propose— with  some  diffidence— to 
deal  briefly  with  this  important  subject  in  this  concluding  chapter. 

It  is  not  too  much  to  say  that  an  organist  can  be  judged  as  an 
executant  by  his  treatment  of  reed  stops,  both  as  solo  voices  and  as 
chorus  builders.  It  is  of  primary  importance  that  he  should  possess 
some  knowledge  of  the  different  kinds  of  chorus  reed  which  organ 
builders  have  placed  at  his  disposal.  In  too  many  cases  the  wrong 
type  of  reed  is  used  at  the  wrong  time,  and  all  because  the  player 
has  failed  to  recognize  the  real  characteristics  of  the  reeds  selected. 
Solo  reeds  may,  of  course,  be  used  as  required  without  seriously 
upsetting  the  general  effect  of  the  organ:  it  is  when  reeds  are  com- 
bined with  other  reeds  or  with  flue  stops  that  fatal  errors  are  fre- 
quently perpetrated.  It  is  therefore  necessary  to  remind  players 
of  certain  basic  principles  which  should  guide  them  in  their  selec- 
tion of  stops  and  prevent  them  from  inflicting  on  the  audience 
tonal  effects  that  are  far  from  agreeable. 

1 .  First,  the  player  should  ascertain  which  of  his  chorus  reeds 
are  voiced  on  high  or  low  pressure.  High  pressure  reeds,  as  we 
have  seen,  are  characterized  by  a  strong  fundamental  tone,  and 
for  this  reason  they  are  best  used  alone  without  the  addition  of 
flue  stops;  mixtures  excepted.  At  the  wedding  of  H.  R.  H.  Princess 
Elizabeth  and  H,  R.  H.  the  Duke  of  Edinburgh  in  Westminster 
Abbey,  Dr.  O.  H.  Peasgood  used  reeds  only  for  the  main  theme 
of  Mendelssohn's  Wedding  March  with  magnificent  effect.  The 
addition  of  diapasons  would  have  ruined  the  ensemble,  robbing  it 
of  clarity  and  definition.  It  is  a  great  mistake  to  attempt  to  rein- 
force chorus  reeds  with  alien  tones:  the  result  is  disastrous.  Let  the 
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reeds— when  of  this  eategory—  have  free  rein  and  be  allowed  to 
shine  in  undimmed  glory!  This  device  refers  in  particular  to 
high  pressure  chorus  reeds  of  the  "Father  Willis  type  rather  than 
to  those  whose  harmonic  development  has  been  more  or  less  cur- 
tailed by  later  reed  voicers.  This  latter  class  of  chorus  reed  is  not 
a  happy  blender,  in  any  case,  with  flue  stops,  nor  even  with 
mixtures.  The  reason  is  that  the  harmonic  curve  of  this  type  of 
reed  falls  off  too  rapidly  in  relation  to  the  first  six  harmonics  so 
that  a  hiatus  is  created  between  reed  tone  and  flue  tone:  high 
pitched  flue  pipes  thus  "stand  away"  from  the  rest  of  the  chorus 
and  the  ensemble  is  broken  up  instead  of  being  integrated  as  it 
should  be.  Reeds  of  this  type  are  best  used  by  themselves  in 
special  contrast  effects  against  either  the  diapasons  or  the  more 
brilliant  reeds.  A  useful  test— to  determine  whether  a  reed  belongs 
to  the  close-toned  category  or  not— is  to  draw  the  4  ft.  and  2  ft. 
diapasons  (octave  diapason  and  fifteenth)  with  the  reed  and  hold 
a  five-note  chord  in  the  middle  octave  of  the  keyboard  consisting 
of  middle  C,  E,  G,  B  flat  and  treble  C  (the  dominant  seventh), 
then  add  the  G  above  treble  C  and  note  the  effect  of  the  fifteenth. 
If  it  stands  away  from  the  reed  it  is  clear  that  the  natural  harmonics 
of  the  reed  are  not  sufficiently  developed  to  ensure  a  blend.  A 
reed  of  the  French  horn  type  is  obviously  unsuitable  for  combi- 
national use  (special  effects  always  excepted,  of  course),  but  there 
are  chorus  reeds  which  sail  very  near  to  the  demarcation  line  separ- 
ating the  normal  free-toned  type  from  the  close-toned  variety  and 
it  is  not  always  easy  to  determine  on  which  side  of  the  line  they 
stand.  Incidentally,  the  organ  builder  might  do  worse  than  try 
the  above  test  before  "finishing"  the  stop  that  he  is  providing  for 
the  player's  use. 

2.  \\  e  come  now  to  the  low  pressure  chorus  reed.  This,  owing 
to  its  harmonic  curve,  is  an  excellent  blender,  or  rather  is  capable 
of  being  made  so  it  properly  designed  and  voiced.  There  are  two 
main  kinds  ot  low  pressure  chorus  reed:  the  normal  trumpet  type 
and  the  neo- baroque  type.  These  have  already  been  described  in 
previous  chapters,  and  the  organist  should  acquire  the  art  of  using 
them  in  correct  relationship  to  other  stops.  We  know  that  this 
class  of  reed  is  usually  designed  to  cohere  with  Hue  work  and 
especially  with  high  pitched  flue  stops.   It  possesses  a  condimental 
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property  and  there  is  no  risk  or  clashing.  This  being  so,  the  player's 
chief  concern  is  to  know  when  and  when  not  to  introduce  the 
"condiment ".  Obviously,  even  this  kind  of  reed  needs  to  be  used 
with  due  discrimination,  at  the  opportune  moment,  to  lend  a  richer 
colour  to  the  already  selected  tone-pattern  of  stops.  In  fact,  it  is 
a  safe  rule  to  make  reed  stops— of  all  types— a  means  of  springing 
a  surprise  on  the  listener.  The  introduction  of  a  reed  or  of  reeds 
should,  if  possible,  not  be  an  expected  event.  How  effective,  for 
instance,  is  the  sudden  introduction  of  the  full  swell  (reeds  and 
mixtures  only)  in  that  verse  of  the  Psalm  or  that  line  of  the  hymn! 
The  organist  has  his  foot  on  the  swell  shoe  and  knows  exactly  how 
far  and  at  what  rate  to  push  it  over.  A  brazen  chord  or  succession 
of  chords  on  a  tromba  or  trumpet  Qalone^)  produces  a  wonderful 
effect,  because  no  one  knew  it  was  coming.  To  be  able  to  add  low 
pressure  chorus  reeds  to  existing  flue  work  combinations  is  also 
a  great  asset  to  the  skilled  performer  or  accompanist,  but  let  him 
.be  quite  sure  that  he  has  chosen  the  appropriate  reed  tones  before 
he  makes  the  venture. 

One  notable  exception  to  the  rules  above  enunciated  is  per- 
missible in  the  case  of  the  ciouhle  reed  16  ft.  It  does  not  matter 
whether  the  reed  belongs  to  this  or  that  type,  it  is  (and  should  be, 
if  it  is  not)  a  splendid  blender  with  flue-work.  How  many  organ- 
ists think  of  drawing  the  swell  double  reed  (whether  trumpet, 
horn,  fagotto,  bassoon,  oboe  or  clarinet)  with  the  great  diapasons 
coupled,  in  place  of  the  flue  double?  And  yet  how  effective  this 
can  be.  Equally,  a  double  reed  on  the  solo  or  choir,  or  even  on 
the  great  itself,  can  often  be  introduced  in  combination  with  the 
full  flue  chorus  with  grand  effect.  There  is  no  clash  of  harmonics 
unless  the  double  reed  so  used  is  exceptionally  bad— a  rare  contre- 
temps, surely,  to  occur  in  the  playing  of  the  modern  organ.  The 
16  ft.  pedal  reed  in  addition  gives  the  finishing  touch  to  the  whole. 

On  this  final  note  I  finish  my  portion  of  this  book,  hoping  that 
what  I  have  said  may  not  only  prove  of  interest  to  all  lovers  of 
the  organ  but  initiate  at  least  some  of  them  into  certain  hitherto 
unrevealed  mysteries  of  organ  tone  in  the  making  and  playing. 

An  Appendix  to  this  part  of  the  book  will  be  found  on  page  88. 
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CHAPTER   I 

INTRODUCTION 

The  glory  of  the  organ  lies  in  the  infinite  variety  of  its  tone 
colour,  which  ranges  from  the  placid  tranquillity  of  soft  flue  stops, 
through  the  silky  shimmer  of  strings  to  the  more  robust  but  digni- 
fied diapasons,  and  ultimately  reaches  its  inspiring  pinnacle  of 
power  in  the  brassy  blare  of  trumpets  and  tubas. 

Perhaps  the  most  remarkable  feature  of  the  instrument  is  that 
this  astonishing  range  of  tonal  quality  and  power  is  produced  by 
pipes  which  fall  into  only  two  classes,  namely,  the  flue,  or  labial 
pipe,  and  the  reed  or  lingual  pipe.  A  simple  example  of  the  former 
is  the  humble  tin  whistle  and  of  the  latter,  the  old  fashioned  motor 
horn.  Generally  speaking,  the  tone  produced  by  reed  pipes  is 
quite  distinctive  though  it  is  possible  almost  to  imitate  the  tone 
quality  of  the  softer  reeds  by  the  use  of  flue  pipes  suitably  voiced 
and  used  alone  or  in  combination  thus  providing  "synthetic"  reed 
tone.  The  rich  powerful  qualities  of  chorus  reeds  however  cannot 
be  achieved  by  the  use  of  flue  pipes  alone  so  that  the  lingual  stops 
of  this  character  hold  an  unassailable  position  in  the  tonal  structure 
of  any  organ  worthy  of  the  name. 

The  manner  in  which  flue  pipes  generate  their  tones  has  now 
been  well  established,  and  the  original  ingenious,  but  erroneous 
theory  of  Hermann  Smith  (according  to  which,  the  air  stream 
issuing  from  the  flue  vibrated  as  a  whole  or  'aero-plastic  reed") 
has  been  discarded.  Reference  to  Fig.  12A  shows  a  normal  flue 
pipe  in  vertical  section  and,  though  it  would  be  out  of  place  here 
to  describe  in  detail  how  it  functions,  a  very  brief  outline  may  be 
permissible  in  order  to  compare  its  mode  of  operation  more  ade- 
quately with  that  of  the  reed.* 

*A  more  detailed  description  of  the  functioning  of  a  flue  pipe  will  be  found  in  "The 
Modern  British  Organ"  by  Noel  Bonavia-Hunt  (Weekes  &  Co.  Ltd.,  1948). 
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The  wind  from  the  soundboard  enters  the  foot  of  the  pipe  and 
is  transformed  into  a  narrow  ribbon  of  moderate  pressure  air  by 
the  constriction  at  the  flue,  which  directs  this  thin  sheet  of  air  on 
to  the  sharp  edge  of  the  upper  lip.  Now  when  a  steady  stream 
of  air  meets  an  obstruction  it  is  broken  into  a  series  of  vortices  and 
the  resulting  disturbance  gives  forth  part  of  its  energy  as  a  more 
or  less  musical  note.  Many  examples  of  this  phenomenon  are 
common,  for  instance  the  rapid  swing  of  a  cane  through  the  air 
gives  rise  to  an  easily  discerned  low  note,  while  the  "singing"  of 
the  telephone  wires  is  an  occurrence  known  to  everyone.  These 
"edge  tones"  as  they  are  termed  have  a  quality  and  pitch  which  is 
determined  by  a  number  of  factors  such  as  the  velocity  of  the  wind, 
the  size  of  the  obstruction  and  the  distance  of  the  latter  from  the 
source  of  the  air  jet.  In  terms  of  flue  pipe  characteristics  there- 
fore the  quality  of  tone  depends  upon  the  wind  pressure  (it  may 
be  anything  between  2"  and  10"  by  water  gauge)  the  height  to 
which  the  mouth  is  cut  up,  the  shape  of  the  upper  lip  (i.e.  sharp, 
square,  rounded  etc.)  and  other  factors  of  a  minor  nature.  Having 
produced  this  somewhat  feeble  edge  tone,  the  shape  of  the  flue 
pipe  is  such  that  there  is  a  considerable  volume  of  air  in  the  pipe 
body  which  is  free  to  vibrate  and  this  acts  as  a  resonator,  enormously 
strengthening  the  original  edge  tone,  and  at  the  same  time  modify- 
ing it  by  controlling  the  harmonics  which  have  been  generated 
and  "locking"  the  tone  into  one  cohesive  whole. 

It  will  be  observed  that  the  action  of  the -flue  pipe  is  entirely 
different  from  that  of  the  reed  illustrated  in  Fig.  12B.  Here  the 
wind,  released  by  the  soundboard  pallet  passes  into  an  air  chamber 
which  forms  part  of  the  pipe  and  known  as  the  "boot".  When 
the  wind  rushes  into  this  "boot"  it  sets  the  reed  tongue  vibrating 
against  the  shallot  and  so  lets  a  series  of  air  puffs  into  the  tube 
(or  resonator)  at  precisely  spaced  intervals  of  time.  Here  then 
is  the  fundamental  difference  between  labial  and  lingual  pipes. 
In  the  case  of  the  former,  a  steady  stream  of  air  is  broken  into  eddies 
by  a  lip,  while  in  the  latter,  a  disconnected  series  of  air  puffs  are 
directed  into  the  resonator. 

The  precise  manner  in  which  the  quality  of  tone  peculiar  to 
reeds  is  produced  has  so  far  remained  obscure,  surprisingly  little 
attention  having  been  given  to  the  problem,  from  its  scientific 
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aspect,  in  spite  of  its  importance  to  organ  builders  and  voicers. 
Helmholtz,  in  his  work  "On  the  Sensations  of  Tone",  gives  com- 
paratively little  space  to  reeds  and  the  following  quotation  covers 
the  essence  of  his  remarks. 

"The  sound  seems  to  be  really  produced  by  pulses  of  air,  as  in 
the  siren,  where  the  metal  plate  which  opens  and  closes  the  orifice 
does  not  vibrate  at  all.  By  alternate  opening  and  closing  of  a  pass- 
age, a  continuous  influx  of  air  is  changed  into  periodic  motion, 
capable  of  affecting  the  air.  Like  any  other  periodic  motion  of  the 
air,  the  one  thus  produced  can  also  be  resolved  into  a  series  of 
simple  vibrations.  We  have  already  remarked  that  the  number  of 
terms  in  such  a  series  will  increase  with  the  discontinuity  of  the 
motion  thus  to  be  resolved.  Now  the  motion  of  the  air  which 
passes  through  a  siren  or  past  a  vibrating  tongue  is  discontinuous 
to  a  very  high  degree,  since  the  individual  pulses  of  air  must  be 
generally  separated  by  complete  pauses  during  the  closures  of  the 
opening." 

Helmholtz  goes  on  to  say  that  freely  vibrating  tongues  (i.e.  with- 
out resonators)  give  a  series  of  clear  harmonics  up  to  the  16th  or 
20th  and  higher,  and  continues— 

"This  whirring  of  dissonant  partial  tones  makes  the  musical 
quality  of  free  tongues  very  disagreeable.  A  tone  thus  produced 
always  shows  that  it  is  really  due  to  puffs  of  air.  I  have  examined 
the  vibrating  tongue  (free)  of  a  reed  pipe  when  in  action  with 
the  vibration  miscroscope  of  Lissajous,  in  order  to  determine  the 
vibration  form  of  the  tongue,  and  I  found  the  tongue  performed 
perfectly  regular  simple  vibrations.  Hence  it  would  communicate 
to  the  air  merely  a  simple  tone  and  not  a  compound  tone  if  the 
sound  were  directly  produced  by  its  own  vibrations." 

Very  little  has  been  added  to  our  knowledge  of  the  subject 
since  Helmholtz  published  his  work.  Dr.  Audsley  ("The  Art 
of  Organ  Building")  deplores  this  lack  of  scientific  study  and 
says— 

"It  must  be  conceded  that  acoustical  matters  relating  to  sound 
production  and  control  in  lingual  pipes  are  at  present  in  a  very 
vague  and  undecided  state." 

Now  there  is  an  apparent  anomaly  in  the  remarks  of  Helmholtz 
quoted  above.    He  avers  that  the  vibrations  of  the  reed  tongue  are 
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perfectly  simple  and  regular,  hence  one  would  have  expected  the 
air  pulses  released  by  the  tongue  also  to  be  reasonably  regular  and 
simple  in  form,  but  this  has  been  proved  to  be  far  from  the  case 
by  actual  experiment. 

In  order  to  avoid  any  misunderstanding  perhaps  it  would  be  as 
well  here  to  survey  very  cursorily  what  is  implied  by  the  term 
''simple  regular  vibrations",  especially  as  the  notes  which  follow 
are  largely  devoted  to  the  special  properties  of  sound  waves  and 
their  forms. 

The  "simplest  regular  vibration"  is  perhaps  the  clock  pendulum, 
which  starts  from  rest  at  one  end  of  its  swing,  accelerates  to  a 
maximum  velocity  at  the  centre  of  its  line  of  motion  and  then  pro- 
ceeds to  decelerate  uniformly  until  it  again  reaches  a  static  position 
when  the  cycle  starts  all  over  again.  A  similar  motion  is  demon- 
strated by  the  vibrations  of  a  tuning  fork.  Here  the  steel  bars, 
which  form  the  prongs  of  the  fork,  vibrate  in  exactly  the  same 
relationship,  though  obviously  through  a  much  smaller  arc  or 
amplitude  and  at  a  much  higher  frequency.  In  the  case  of  a 
tuning  fork,  sounding  treble  C  for  instance,  the  steel  makes  one 
complete  swing  (or  cycle)  back  to  its  starting  point  in  1/522 
second.  This  motion,  in  still  air,  causes  the  latter  to  be  alternately 
compressed  and  attenuated  in  the  immediate  vicinity  of  the  mov- 
ing metal  thus  forming  a  sound  wave,  or  rather  a  continuous  series 
of  sound  waves  with  the  characteristic  "tuning  fork"  quality.  The 
sound  waves  thus  generated  are  almost  free  from  harmonics  or 
overtones,  in  other  words,  the  tuning  fork  gives  almost  "pure" 
tone,  which  cannot  be  analysed  further  or  resolved  into  any  other 
tones  of  different  pitch. 

The  periodic  vibration  of  the  pendulum  and  tuning  fork  is 
known  as  "Simple  Harmonic  Motion"  (S.H.M.  for  short)  and 
will  be  familiar  to  those  who  have  not  forgotten  their  early  excur- 
sions into  the  realms  of  elementary  physics.  It  will  be  obvious  that 
with  uniform  motion  of  this  type  it  is  easy  to  illustrate  it  by  means 
of  a  curve  which  shows  the  position  of  the  pendulum  (or  tuning 
fork  prong  )at  any  instant.  For  example,  if  a  pencil  were  attached 
to  the  pendulum  bob  weight  and  allowed  to  mark  its  track  on  a 
piece  of  paper  moving  at  uniform  speed  in  a  vertical  direction,  it 
would  trace  out  the  curve  shown  in  Fig.  1 3.  This  is  perfectly  uni- 
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form  about  the  centre  point  of  the  pendulum's  swing  and  con- 
stitutes what  is  known  as  a  "sine  curve".  The  mathematical 
significance  of  this  curve  is  beyond  the  scope  of  this  book  but  the 
form  has  certain  properties  which  are  of  considerable  importance. 
If  a  curve  is  taken  to  represent  the  variations  in  air  pressure  which 
form  the  fundamental  structure  of  a  sound  wave,  then  the  sine 
curve  gives  the  simplest  tone.  The  S.H.M.  of  the  tuning  fork 
transmits  its  displacement  to  the  surrounding  air  in  the  same  undis- 
torted  form,  so  the  distribution  of  the  compressed  and  rarefied 
air  cycles  follows  approximately  the  same  configuration  as  the 
tuning  fork.  The  motion  of  the  latter  can  be  drawn  as  a  sine  curve 
(Fig.  14B)  the  base  line  representing  the  position  of  the  prong  at 
rest  and  the  curve  above  and  below  this  showing  the  displacement 
or  amplitude  of  the  swing:  the  length  of  the  curve  (x)  is  of  course 
equal  to  one  cycle  or  1/522  second  in  the  case  of  the  tuning  fork 
mentioned  above.  The  air  wave  corresponding  to  this  has  been 
indicated  in  Fig.  14A  the  compression  of  the  air  being  shown  by 
the  darker  shading  and  the  rarefaction  by  reduced  shading.  This 
method  of  showing  the  form  of  the  sound  wave  is  not  very  enlight- 
ening and  it  will  be  apparent  that  the  curve  B  performs  the  same 
office  much  more  effectively.  The  base  line  B  now  represents 
atmospheric  pressure,  the  increase  in  air  pressure  at  any  instant 
is  indicated  by  the  curve  above  the  datum  line  while  the  corre- 
sponding rarefaction  is  shown  by  the  corresponding  curve  below 
the  line.  It  may  be  accepted  therefore  that  Fig.  14B  shows  a  sound 
wave  curve  of  a  pure  tone,  the  frequency  and  amplitude  being 
indicated  by  any  convenient  horizontal  and  vertical  scale  respec- 
tively. 

In  order  to  remove  from  the  reader's  mind  any  doubts  as  to  the 
practicability  of  plotting  the  shape  of  sound  waves  in  this  manner 
it  may  be  pointed  out  that  it  is  fairly  easy  to  construct  an  apparatus 
which  will,  by  mechanical  means,  project  on  to  a  screen  or  photo- 
graphic plate,  a  sound  wave  picked  up  by  a  suitable  diaphragm 
or  microphone  providing  the  sound  is  of  reasonable  intensity  and 
moderate  pitch.  A  description  of  the  apparatus  used,  together  with 
curves  produced  from  organ  pipes,  will  be  found  in  Chapter  V 
so  no  more  mention  of  the  fact  is  needed  here. 

No  organ  pipe  has  yet  been  devised  which  gives  a  perfectly  pure 
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tone  devoid  of  all  harmonics  and  overtones.  Consequently  the 
sound  curve  illustrated  in  Fig.  MB  is  never  met  in  practice.  This 
is  not  a  disadvantage  because  the  sounds  produced  by  a  "pure" 
tone  pipe  would  very  rapidly  become  monotonous  and  boring. 
The  nearest  approach  to  foundational  tone  is  to  be  found  in  flutes 
but  even  here  there  is  a  considerable  proportion  of  the  second 
harmonic  (i.e.  the  octave)  or  the  third  harmonic  (i.e.  the  twelfth) 
present.  In  Fig.  14C  and  D  will  be  found  two  further  sine  curves 
with  twice,  and  three  times  the  frequency  of  the  fundamental 
shown  at  14B.  It  will  be  obvious  here  that  C  represents  the  first 
upper  harmonic  above  the  fundamental  B  and  D  the  second  upper 
harmonic.  Hence  if  the  three  curves  are  combined  into  one 
(which  can  be  done  by  adding  the  -\-  ordinates  of  C  and  D  to  the 
original  curve  B  and  subtracting  the  —  ordinates)  the  resultant 
curve  takes  the  form  shown  at  E.  The  latter  curve  therefore  repre- 
sents a  sound  wave  containing  in  addition  to  the  fundamental,  a 
considerable  proportion  of  the  octave  and  twelfth.  This  illustra- 
tion is  a  simple  synthesis  to  show  how  the  sound  wave  form  may 
vary  according  to  the  number,  intensity,  and  relative  phase  of  the 
harmonics  it  may  contain.  If,  therefore,  a  complex  sound  wave, 
such  as  is  produced  by  an  organ  pipe,  is  recorded,  then  it  is  also 
possible  to  break  it  down  by  analysis  into  its  harmonic  components. 
According  to  Fourier's  theory,  any  curve,  however  complex,  can 
be  analyzed  in  this  way  into  a  series  of  simple  sine  curves,  but  the 
process  presents  formidable  mathematical  difficulties.  As  this  book 
is  concerned  mainly  with  the  practical  aspects  of  reed  tone,  the 
mathematical  side  will  have  to  be  by-passed  and  for  further  details 
the  reader  must  be  referred  to  works  on  harmonic  analysis.  It  will 
be  apparent  from  the  foregoing  remarks  that  the  characteristic 
tone  of  any  organ  pipe  is  due  to  its  enrichment  by  these  harmonics, 
which,  as  Helmholtz  says  in  the  quotation  above,  may  extend  up 
to  the  20th  and  even  higher.  In  order  to  prevent  confusion  when 
discussing  these  harmonics  the  fundamental  tone  (equivalent  to 
Fig.  14B)  will  in  future  be  referred  to  as  the  first  harmonic,  the 
octave  being  the  second,  the  twelfth  the  third  and  so  on.  This  is 
quite  logical  since  if  the  fundamental  has  a  frequency  of  x  cycles 
per  second,  the  harmonics  follow  at  2x,  3x,  4x  etc.  cycles  per  second 
for  the  octave,  twelfth,  fifteenth  etc.     In  order  to  give  an  idea  of 
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the  range  and  pitch  of  the  harmonics  which  may  be  present,  for 
example  in  an  organ  reed  pipe,  a  table  is  given  below  with  the 
approximate  equivalent  notes  and  their  frequencies. 


FREQUENCY  OF  NOTE 

NEAREST 

ON  EVEN  TEMPERED 

HARMONIC 

FREQUENCY 

NOTE 

SCALE 

1   (Fundamental) 

130 

Ten.  C 

130 

2  (Octave) 

260 

Mid.C 

260 

3  Twelfth 

390 

8 

388 

4  Fifteenth 

520 

c2 

520 

5  Seventeenth 

650 

e2 

656 

6  Nineteenth 

780 

g2 

776 

7  flat  21st 

910 

bb. 

926 

8  twenty  second 

1040 

c3 

1040 

9 

1170 

da 

1168 

10 

1300 

e* 

1312 

11 

1430 

- 

12  twenty  ninth 

1560 

g3 

1552 

13 

1690 

- 

14 

1820 

bbH 

1852 

15 

1950 

- 

16 

2080 

C4 

2080 

17 

2210 

- 

18 

2340 

d4 

2336 

19 

2470 

- 

20 

2600 

e4 

2624 

21 

2730 

- 

22 

2860 

- 

23 

2990 

- 

24 

3120 

g4 

3104 

It  will  be  noted  that  with  the  even  tempered  scale  the  harmonics 
taken  from  keyboard  notes  are  approximate  only,  the  fifths  being 
flat  and  the  thirds  far  too  sharp.  The  discrepancy  becomes  greater 
with  increasing  pitch  which  explains  why  extended  mutation  stops 
are  never  satisfactory,  moreover,  there  are  a  number  of  harmonics 
(e.g.  11th,  13th,  15th)  which  are  not  reproducible  on  the  limited 
range  of  frequencies  obtainable  at  a  normal  keyboard.  The  reader 
will  understand  that  only  the  frequencies  produced  by  the  oscillat- 
ing air  waves  in  the  air-column  of  the  pipe  are  referred  to  and  not 
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the  auxiliary  frequencies  or  sound  waves  produced  by  the  natural 
resonances  of  the  materials  of  which  the  pipes  are  made,  nor  those 
which  result  from  the  combination  of  vibrating  air  columns  and 
other  mechanical  systems  associated  with  organ  pipes. 


CHAPTER   II 

HOW  A  REED  TONGUE  VIBRATES 

Helmholtz  mentions  that  his  examination  of  the  vibrating 
reed  showed  that  the  tongue  performed  perfectly  simple  regular 
vibrations.  One  can  only  assume  from  this  that  the  vibrations  took 
the  same  form  as  the  prongs  of  a  tuning  fork,  that  is  to  say,  the 
tongue  performed  S.H.M.  It  is  therefore  somewhat  remarkable 
that  under  such  circumstances  the  regular  puffs  of  air  controlled 
by  this  tongue  should  give  rise  to  sound  waves  of  such  complexity, 
so  the  author  repeated  and  extended  Helmholtz  experiments  to 
see  if  any  light  could  be  thrown  upon  this  problem. 

In  the  first  place  an  apparatus  was  devised  to  examine  the  reed 
tongue,  while  vibrating  normally,  with  intermittent  flashes  of  light 
synchronized  with  the  frequency  of  the  vibrations;  a  stroboscope 
in  short.  By  this  means  the  tongue  could  be  brought  apparently  to 
rest  or  by  slightly  altering  the  frequency  of  the  flashes  of  light  it 
could  be  made  apparently  to  vibrate  in  "slow  motion".  The  prin- 
ciple of  this  device  is  very  simple  but  in  case  the  reader  is  un^ 
familiar  with  the  application  a  brief  description  of  the  apparatus 
used  may  not  be  out  of  place  here. 

The  essential  equipment  is  illustrated  in  Fig.  15.  A  thin  metal 
disc  (D)  twelve  inches  diameter  was  attached  to  the  spindle  of 
an  electric  motor  (A).  The  latter  was  controlled  by  a  variable 
resistance  (B)  which  provided  a  wide  range  of  speed.  In  addition 
a  simple  fan  (C)  was  fitted  to  the  other  end  of  the  motor  spindle  to 
provide  a  steadying  load.  The  fan  was  surrounded  by  a  simple 
cowl  and  an  air  inlet  arranged  with  a  sliding  shutter.  The  latter 
was  found  to  give  a  finer  adjustment  of  the  critical  speed  than 
could  possibly  be  obtained  by  the  resistance  alone  and  so  served  a 
dual  purpose.  The  disc  (D)  had  a  slot  1/1 6"  wide  and  1"  long 
cleanly  cut  from  the  periphery  towards  the  centre  and  a  similar 
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slot  was  cut  in  another  piece  of  metal  fixed  to  a  screen,  just  in  front 
of  the  rotating  disc.  An  intense  light  from  a  projector  lamp,  aug- 
mented by  reflectors  and  lenses,  was  focused  so  that  it  impinged  on 
the  fixed  slot  in  the  screen  which,  of  course,  coincided  with  the 
slot  in  the  disc  for  a  fraction  of  time  each  revolution.  The  light 
passing  through  the  two  coincident  slots  was  directed  on  to  a  reed 
(E)  which  was  removed  from  its  normal  boot  and  fixed  in  a  glass 
sided  pressure  chamber  (F)  into  which  the  wind  to  energize  the 
reed,  could  be  delivered  at  constant  pressure  from  a  wind  chest 
below.  The  reed  was  set  exactly  edgewise  to  the  beam  of  light  and 
a  large  aperture  lens  arranged  to  focus  the  image  of  the  tongue 
(that  is,  the  edge  only,)  on  to  a  screen  (G).  When  the  apparatus 
was  adjusted  with  the  slots  open  to  the  light  a  brilliant  image  of 
the  shallot  and  the  tongue  could  be  seen  on  the  screen  about  five 
times  the  actual  size. 

When  the  wind  was  turned  on,  the  tongue  began  to  vibrate  and 
appeared  as  a  mere  blur  since  it  was  of  course  vibrating  about  60 
times  per  second  for  the  CC  note  employed  in  the  preliminary 
experiments.  The  motor  was  now  started  and  the  light  faded  to 
a  flicker  owing  to  the  very  small  proportion  of  the  rotating  disc 
being  free  to  pass  the  light  through.  As  the  speed  increased,  the 
flicker  became  less,  but  naturally  the  intensity  of  the  image  did  not 
increase.  When  the  motor  reached  a  speed  of  3600  r.p.m.  that  is 
60  per  second,  the  image  of  the  tongue  appeared  to  be  at  rest, 
because  each  light  flash  caught  the  tongue  at  precisely  the  same 
position  in  its  swing,  and  persistence  of  vision  made  it  appear 
stationary.  Obviously  if  the  speed  of  the  disc  had  been  61  per 
second  when  the  tongue  was  vibrating  at  60  per  second,  it  would 
have  been  a  little  out  of  synchronization  and  the  image  of  the 
tongue  would  have  appeared  to  vibrate  once  per  second.  Further- 
more it  is  not  essential  to  bring  the  speed  of  the  motor  up  to  60 
per  second  to  achieve  the  "stationary"  image.  For  example  if  the 
light  flash  occurred  20  times  per  second  the  image  would  still  ap- 
pear at  rest  because  it  would  have  vibrated  through  a  complete 
cycle  exactly  three  times  and  again  arrived  at  the  same  point 
between  the  two  successive  flashes  of  light.  It  was  found  desirable 
however  to  run  the  motor  at  the  highest  practicable  speed  so  as  to 
keep  the  duration  of  the  flash  as  short  as  possible.    In  the  first 
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experiments  with  this  stroboscope  discs  were  used  with  several 
slots  in  order  to  get  a  more  brilliant  image,  but  it  was  found  that 
the  definition  was  too  poor  because  the  duration  of  the  flash  was 
sufficient  to  allow  a  visible  movement  of  the  vibrating  tongue, 
which  resulted  in  a  slightly  blurred  image,  especially  at  the  point 
of  maximum  velocity,  namely,  at  the  centre  of  its  swing. 

If  the  1/16"  slot  is  considered,  it  will  be  noticed  that  it  com- 
mences to  open  when  the  leading  edge  of  the  slot  on  the  disc 
coincides  with  the  edge  of  the  fixed  slot.  The  opening  then  widens 
to  full  aperture  while  the  disc  travels  1  / 1 6"  then  closes  in  similar 
manner  over  the  succeeding  1/1 6".  In  other  words,  the  total  light 
is  equivalent  to  a  0.125"  sector  of  the  disc  while  total  darkness  is 
equivalent  to  the  balance,  or  37.56".  The  ratio  of  light  to  darkness 
is  therefore  1 :  300  which  explains  why  the  image  was  so  dull  in 
spite  of  the  concentrated  illumination.  Moreover,  it  will  be  seen 
that  the  duration  of  the  flash  when  the  motor  rotated  at  3600  r.p.m. 
was  only  1/60  x  1/300  or  1/18000  second.  This  did  not  give  the 
tongue  much  time  to  move  so  the  definition  was  quite  good  and 
the  motion  of  the  tongue  could  be  examined  in  detail. 

The  examination  of  reed  tongues  by  means  of  this  apparatus 
was  confined  to  lower  notes  (not  above  Ten  C)  in  order  that 
maximum  clarity  could  be  maintained.  The  motion  appeared  to 
be  perfectly  regular  and  uniform,  and  no  flexing  of  the  tongue  was 
noticeable.  There  was  a  slight  exception  in  the  case  of  a  heavy  CC 
Trumpet  reed  (largely  used  in  these  and  succeeding  experiments) 
because  of  the  influence  of  the  comparatively  heavy  weight  at- 
tached to  the  end  of  the  tongue.  The  effect  was  actually  very  small, 
but  could  clearly  be  seen  on  the  enlarged  image,  where,  as  the 
tongue  moved  away  from  the  shallot,  the  "head"  was  carried  a 
little  further  by  the  weight,  causing  a  slight  increase  in  curvature. 
The  voicer  had  evidently  made  allowance  for  this  property,  either 
by  accident  or  design,  because  the  curvature  was  so  arranged,  that, 
when  the  tongue  returned  to  the  shallot,  the  weight  simply  pulled 
the  tongue  straight  and  did  not  cause  any  distortion  as  one  might 
reasonably  expect. 

Another  interesting  point,  proved  by  these  experiments,  was 
that  the  tongue  does  not  strike  the  shallot  when  vibrating.  When 
the  reed  was  adjusted  so  that  the  tongue  and  the  flat  side  of  the 
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shallot  were  dead  in  the  line  of  light,  it  was  possible  actually  to 
see  the  streak  of  light  between  the  tongue  and  shallot  when  the 
former  was  in  the  "closed"  position.  This  was,  of  course,  most 
apparent  in  the  CC  reed  but  could  also  be  seen  for  about  a  third 
of  the  tongue  in  the  Ten  C  one. 

The  fact  that  the  vibrations  appeared  to  be  uniform  and  there- 
fore performing  S.H.M.  could  not  be  proved  by  this  simple  exam- 
ination of  the  image,  or  for  that  matter  by  direct  visual  examination 
of  the  vibrating  tongue  itself  under  stroboscopic  illumination.  It 
was  thought  that  there  might  be  longitudinal  "ripples"  in  the 
tongue  which  the  abovementioned  apparatus  would  not  detect,  so 
a  reed  was  made  up,  using  a  thinner  tongue  than  usual,  so  that  any 
such  property  should  be  accentuated.  The  results  were  entirely 
negative.  Further  experiments  where  the  tongue  was  first  treated 
with  powder  and  smeared  with  oily  lampblack  in  order  to  try  and 
discover  the  presence  of  localized  intrinsic  vibrations  were  also 
devoid  of  any  such  suggestion.  So  far  therefore  it  seemed  certain 
that  the  only  motion  of  a  reed  tongue  is  a  simple  to  and  fro  vibra- 
tion, but  this  still  did  not  explain  the  extremely  complex  character 
of  the  sound  wave  thus  produced. 

An  effort  was  now  made  to  find  out  exactly  the  vibration  char- 
acteristic of  the  tongue  when  energized  by  wind  in  the  orthodox 
manner.  Unfortunately  in  order  to  get  any  record  of  the  actual 
movement  the  tongue  had  to  be  exposed,  so  an  apparatus  was  made 
whereby  the  top  of  the  pipe  was  sealed  into  a  box,  this  being 
coupled  to  a  fan,  but  on  the  exhaust  side,  so  that  air  was  drawn 
through  the  reed  instead  of  being  forced  through  under  pressure. 
The  effect  was  however  precisely  the  same,  because  the  pressure 
exerted  on  the  shallot  side  of  the  tongue  was  simply  6  to  1 0  inches 
below  atmospheric,  instead  of  a  similar  positive  pressure  on  the 
outside,  with  atmospheric  pressure  inside  the  shallot.  This  arrange- 
ment made  it  possible  for  the  tongue  to  vibrate  under  natural 
conditions  while  exposed  to  the  open  air  (see  Fig.  16).  A  fine 
needle,  the  point  of  which  had  been  slightly  rounded  and  highly 
polished,  was  fastened  to  the  end  of  the  reed  tongue  so  that  it 
projected  about  M  inch,  and  the  reed  block  was  rigidly  clamped  in 
the  apparatus  to  avoid  the  presence  of  any  spurious  vibrations.  A 
continuous  strip  of  16  mm.  cinema  film  six  feet  long  was  arranged 
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over  a  series  of  guide  pulleys  and  one  of  these  formed  a  driving 
sprocket  so  that  the  film  could  be  moved  at  a  uniform  predeter- 
mined speed.  The  tension  on  the  film  strip  was  maintained  con- 
stant by  a  weighted  pulley  wheel,  and,  adjacent  to  the  reed  tongue, 
the  film  passed  over  a  carefully  trued  wooden  block  which  could 
be  moved  within  fine  limits  by  means  of  a  lever.  The  whole 
arrangement  can  be  clearly  seen  in  Fig.  17  which  is  a  photograph 
of  the  actual  apparatus  used.  The  mode  of  operation  was  as  fol- 
lows. The  film  was  first  coated  on  the  outside  surface  with  a  thin, 
but  dense,  layer  of  specially  fine  carbon  black  (a  "lacquer  black") 
milled  and  suspended  in  methylated  spirit  which  rapidly  dried 
out  leaving  an  opaque  coating  but  one  easily  penetrated.  The  film 
was  then  set  in  motion  and  the  reed  tongue  set  vibrating  by  apply- 
ing suction  to  the  expansion  chamber  at  the  end  of  the  pipe.  When 
uniform  conditions  prevailed,  the  film  was  carefully  advanced 
until  the  needle  affixed  to  the  vibrating  tongue  just  made  contact 
and  thus  cut  a  trace  of  its  vibration  through  the  carbon  black  coat- 
ing. The  experiment  was  a  delicate  one  because  the  slightest 
friction  completely  upset  the  free  vibrations  of  the  tongue  and 
numerous  failures  were  obtained  before  the  technique  was  devel- 
oped. However  it  was  ultimately  found  that  results  could  be 
reproduced  with  certainty  and  their  reliability  thus  confirmed.  An 
example  of  two  curves  almost  synchronized  is  given  in  Fig.  18  from 
which  it  will  be  noticed  that  the  two  merge  perfectly  together  and 
demonstrate  admirably  the  efficiency  of  this  rather  crude  appara- 
tus. It  will  however  be  appreciated  that  this  method  of  recording 
the  vibrations  of  reeds  had  to  be  limited  to  the  lower  notes  where 
the  intrinsic  energy  in  the  vibrating  tongue  was  comparatively 
high.  In  any  case,  the  extra  weight  of  the  finest  needle  would 
have  upset  completely  any  reed  taken  from  the  middle  or  upper 
octaves.  Most  of  the  investigative  work  was  therefore  carried  out 
on  a  CC  Trumpet  reed  for  which  several  tongues  of  varying 
thickness  were  made  and  different  shallots  also  employed. 

The  results  of  these  experiments  proved  conclusively  that  the 
tongues  of  reed  pipes  do  not  perform  S.H.M.  or  anything  like  it. 
The  investigation  proved  that  in  a  properly  voiced  reed  the  tongue 
does  not  touch  the  shallot;  it  also  proved  that  if  the  tongue  is  too 
long  and  flexible,  causing  a  harsh  rattling  tone,  it  does  touch  the 
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shallot.  The  work  also  proved  that  the  centre  of  vibration  of  any 
reed  tongue  is  not  that  of  the  position  of  the  tongue  when  at  rest, 
but  approaches  nearer  the  shallot  as  the  wind  pressure  is  increased. 
This  is  significant  because  it  means  that  the  amplitude  of  vibration 
of  a  reed  tongue  decreases  as  the  wind  pressure  is  increased  and 
explains  the  need  for  increased  curvature  for  increased  wind 
pressure. 

To  demonstrate  these  facts  it  was  necessary  to  have  some  datum 
lines  from  which  to  work.  These  were  obtained  by  gently  pressing 
the  tongue  against  the  shallot  and  then  advancing  the  film  so  that 
a  straight  line  was  drawn  upon  it  by  the  recording  needle.  This  of 
course  corresponded  with  the  absolute  limit  of  movement  of  the 
tongue  towards  the  shallot,  and  on  the  diagrams  which  follow,  is 
designated  as  the  "shallot"  or  "S"  line.  A  second  trace  was  made 
with  the  tongue  in  the  normal  rest  position  i.e.  without  any  wind 
on.  This  straight  line  is  called  the  "rest"  or  R  line  on  the  diagrams. 
As  stated  above,  however,  it  was  soon  discovered  that  the  tongue 
did  not  vibrate  uniformly  about  the  point  represented  by  this  line, 
and  this  was  found  to  be  attributable  to  the  difference  in  wind 
pressure  between  the  outside  of  the  tongue  and  the  shallot  side. 
The  influence  of  this  pressure  varied  with  the  characteristics  of 
the  tongue,  so,  in  order  to  find  the  true  equilibrium  point,  a  very 
thin  brass  wedge  was  inserted  under  the  tongue,  the  wind  then 
turned  on,  and  the  wedge  slowly  removed  until  the  tongue  was 
just  on  the  point  of  starting  to  vibrate.  The  tongue  was  now  held 
closer  to  the  shallot  than  when  the  wind  was  off  and  this  position 
was  found  to  be  much  nearer  the  true  centre  of  vibration.  Hence 
it  is  called  the  equilibrium  or  E  line  on  the  diagrams. 

In  order  to  check  the  correctness  of  this  line  the  tongue  was 
allowed  to  just  vibrate  by  withdrawing  the  wedge  a  shade  more 
than  that  necessary  to  reach  the  equilibrium  point.  Fig.  19  shows 
this  restricted  vibration  superimposed  on  the  traces  of  the  'S', 
'E'  and  'R'  lines  as  well  as  the  record  of  the  freely  vibrating 
tongue.  It  will  be  apparent  from  this  that  the  'E'  line  is  really  the 
true  centre  of  vibration. 

Some  typical  curves  traced  by  vibrating  reed  tongues  on  to  the 
film  and  then  enlarged  by  projecting  the  image  obtained  on  to 
bromide  paper  are  given  in  Figs.  20  to  26.  Three  of  these  (20,  21, 
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22)  have  been  further  enlarged  for  more  detailed  study  and  vertical 
lines  drawn  to  divide  each  cycle  into  sections  corresponding  to  the 
points  between  maximum  amplitude  and  the  centre  of  vibration 
i.e.  where  the  curve  cuts  the  'E'  line.  The  characteristics  of  the 
seven  reeds  are  given  in  a  summarized  form  in  Table  I  and  it  will 
be  noticed  from  this  that  the  three  given  as  examples  cover  rather 
extreme  cases.  These  were  chosen  intentionally  because  they 
demonstrate  more  clearly  the  effect  on  the  vibration  form  of  a  long 
thin  tongue  (Fig.  20),  a  medium  tongue  (Fig.  21)  and  a  thick 
weighted  tongue  (Fig.  22) 


TABLE  I 

FREQUENCY 

WIND 

LENGTH  OF 

THICKNESS 

SPEED  OF  FILM 

CYCLES  PER 

PRESSURE 

TONGUE 

OF  TONGUE 

NO. 

inches/sec. 

SEC. 

INCHES  WATER 

CM. 

INCHES 

20 

17.7 

53 

3.2 

7.0 

.015 

21 

36.5 

137 

4.0 

3.6 

,015 

22 

26.0 

62 

7.0 

4.0 

.023 

23 

15.5 

95 

4.0 

4.7 

.015 

24 

24.3 

127 

3.5 

3.7 

.015 

25 

23.0 

129 

3.2 

3.5 

.015 

26 

26.0 

62 

7.0 

4.0 

.023 

Nos.  22  and  26  had  a  thick  weighted  tongue,  the  others  were  all  without 
weights. 

The  first  point  to  be  noted  in  comparing  curves  20,  21  and  22  is 
the  tendency  for  the  curve  to  be  smooth,  almost  sine  curve  form 
in  fact,  for  the  outer  half  cycle,  whereas  it  comes  to  a  peak  for  the 
inner  half  cycle  to  and  from  the  shallot.  Moreover,  this  difference 
in  the  vibration  trace  is  most  marked  in  the  long  thin  tongue, 
which,  as  the  diagram  clearly  shows,  actually  hit  the  shallot  and 
bounced  away  with  considerable  velocity.  When  this  tongue  was 
shortened  to  more  reasonable  dimensions  in  comparison  with  its 
thickness  (Fig.  21)  the  peak  became  less  sharp  and  the  striking 
of  the  shallot  ceased,  the  trace  however  still  remained  very  un- 
symmetrical  and  far  removed  from  a  true  sine  curve.  When  a 
much  more  rigid,  and  weighted,  tongue  was  employed  the  wind 
pressure  had  to  be  increased  in  ordef  to  provide  adequate  energy 
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to  maintain  the  tongue's  vibrations  but  the  tone  was  smoother  and 
the  trace  of  the  vibrating  tongue  (Fig.  22)  indicates  a  considerable 
reduction  of  the  peak  at  the  shallot.  These  traces  show  clearly  that 
the  form  of  vibration  is  enormously  influenced  by  the  wind  pres- 
sure and  the  dimensions  of  the  reed  tongue.  They  also  go  far  to 
explain  why  a  high  pressure  reed  (which  necessarily  has  a  thick 
tongue)  gives  a  smoother  tone  than  a  low  pressure  one. 

It  must  be  here  admitted  that  the  curve  traced  by  an  absolutely 
freely  vibrating  tongue,  that  is,  one  not  subject  to  wind  pressures, 
would  not  conform  absolutely  to  a  true  sine  curve  because  the 
recording  point  moves  through  the  arc  of  a  circle  instead  of  follow- 
ing a  straight  line.  Hence,  this  curvature  is  superimposed  on  the 
trace  causing  slight  distortion.  The  same  criticism  could  be  equally 
well  applied  to  the  trace  made  by  a  freely  swinging  pendulum 
(Fig.  13)  but  in  each  case  the  arc  is  so  small  that  for  all  practical 
purposes  it  may  be  considered  a  straight  line  and  the  distortion 
would  be  negligible.  Furthermore,  such  distortion  would  be  sym- 
metrical about  the  centre  of  vibration  and  so  does  not  affect  the 
argument. 


CHAPTER   HI 

THE  INFLUENCE  OF  WIND  PRESSURE 

Having  proved  that  the  air  pulses  emitted  from  a  reed  pipe  are 
far  from  the  simple  symmetrical  form  required  for  pure  tone,  the 
next  step  was  to  make  an  artificial  reed  the  tongue  of  which  was 
worked  mechanically. 

The  apparatus  is  illustrated  in  Fig.  27  and  consisted  of  a  glass 

fronted  wind  chest  in  which  a  reed  block  was  firmly  screwed.  A 
small  brass  eye  was  soldered  to  the  tongue  at  a  position  roughly 
equal  to  the  centre  of  wind  pressure  and  this  eye  was  coupled  to  a 
small  crank  by  means  of  a  light  stiff  connecting  rod  of  very  thin 
brass  tube.  The  throw  of  the  crank  was  adjusted  so  that  the  tongue 
just  failed  to  touch  the  shallot  in  the  closed  position  (determined 
by  a  gauge  of  cigarette  paper)  while  the  total  movement  of  the 
tongue  was  arranged  to  be  equal  to  its  natural  vibration  amplitude 
under  6"  wind  pressure.  It  will  be  noted  that  a  long  connecting 
rod  was  employed  in  order  to  ensure  the  movement  of  the  tongue 
should  approach  S.H.M.  as  nearly  as  possible  by  reducing  to  a 
minimum  the  angularity  of  the  rod  at  half  stroke  positions.  Care 
was  also  taken  to  make  the  moving  parts  as  light  and  rigid  as 
possible,  the  various  bearings  and  pivots  being  fitted  slightly  on  the 
tight  side  to  prevent  rattle  when  working.  In  spite  of  the  pre- 
cautions taken,  there  was  an  appreciable  amount  of  mechanical 
noise,  which  soon  became  severe  owing  to  the  high  speed  at  which 
the  mechanism  had  to  be  driven.  The  crank  was  coupled  by  a  belt 
to  a  small  electric  motor,  the  speed  of  which  could  be  controlled 
by  a  variable  resistance  and  the  tongue  was  thus  set  into  forced 
vibration  at  60  to  90  cycles  per  second;  the  exact  speed  was  difficult 
to  determine  owing  to  inevitable  belt  slip. 

Under  these  conditions,  when  the  tongue  was  vibrating  without 
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a  resonator  or  any  wind  in  the  chest,  no  sound  corresponding  to 
the  reed  frequency  (CC  or  DD)  could  be  heard  above  the 
mechanical  noise  produced.  On  fixing  a  long  (8  ft.  trumpet)  pipe 
to  the  reed  boot  the  low  fundamental  could  be  heard  faintly  by 
putting  the  ear  to  the  open  end  of  the  pipe.  For  all  practical  pur- 
poses however,  the  sounds  generated  by  the  vibrations  of  the 
tongue  alone  were  quite  negligible. 

Wind  was  now  turned  into  the  glass  fronted  "boot"  while  the 
tongue  vibrations  were  mechanically  maintained.  Sound  was  im- 
mediately heard,  even  with  only  W  pressure  registered,  but  was 
rather  weak.  The  intensity  however  increased  rapidly  with  the 
pressure  applied  and  at  6"  water  (the  highest  obtainable  with  the 
apparatus)  it  approached  the  normal  power  obtained  by  free  vibra- 
tion under  3"  to  4"  pressure.  This  was  with  the  8  ft.  resonator  in 
position.  The  quality  was  difficult  to  assess  accurately  owing  to 
the  extraneous  mechanical  noises  but  by  careful  listening  with  one 
ear  applied  to  the  end  of  the  pipe  it  was  possible  to  get  a  fairly  good 
idea  of  the  timbre. 

The  sound  produced  was  far  removed  from  "pure"  tone  and 
evidently  had  a  considerable  number  of  harmonics  present.  The 
tone  is  difficult  to  describe,  being  quite  different  from  any  organ 
stop  the  author  has  ever  heard  (or  wants  to  hear!)  the  nearest 
approach  being  a  "woolly  diapason".  Although  the  fundamental 
could  be  heard  clearly  it  was  augmented  by  other  harmonics  to  a 
considerable  degree.  Unfortunately  the  mechanical  process  neces- 
sitated a  very  low  fundamental  (little  above  CC)  so  as  this  was  out 
of  the  sensitive  aural  range  it  may  well  be  that  in  terms  of  actual 
energy  the  ground  tone  preponderated.  This  however  does  not 
alter  the  basic  fact  determined  by  these  experiments,  namely,  that 
even  if  the  reed  tongue  does  perform  S.H.M.  the  tones  produced 
by  the  corresponding  air  pulses  are  rich  in  harmonics.  This  work 
also  proved  that  all  the  effective  sound  is  definitely  produced  by 
the  air  pulses;  no  really  audible  sound  is  obtainable  by  the  simple 
vibration  of  the  tongue  alone. 

The  space  through  which  the  wind  has  to  pass  from  the  boot 
into  the  shallot  is,  of  course,  continuously  varying  in  form  as  the 
reed  tongue  moves  away  from,  or  nearer,  to  the  shallot.  At  one 
point,  when  the  tongue  is  most  distant  from  the  shallot,  the  wind 
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has  to  all  intents  and  purposes  completely  free  access  directly  into 
the  resonator  and  the  rate  of  flow  is  determined  only  by  the  orifice 
in  the  shallot.  As  the  tongue  gets  nearer  the  shallot,  the  opening  in 
the  latter  is  gradually  closed  and  the  air  flow  is  more  and  more 
constricted  to  a  narrow  slit  between  the  sides  of  the  shallot  and  the 
edge  of  the  tongue.  Now  the  resistance  of  an  opening  to  air  flow 
is  not  a  simple  function  of  its  cross  section,  and  in  the  case  under 
consideration,  it  will  be  obvious  that,  assuming  a  constant  wind 
pressure  is  maintained  in  the  reed  boot,  the  rate  of  flow  of  air  into 
the  resonator  will  never  be  strictly  proportional  to  the  distance  of 
the  tongue  from  the  shallot. 

A  further  point  requiring  investigation  was  the  possibility  of 
eddies  being  caused,  especially  when  the  tongue  was  near  the 
shallot,  owing  to  the  wind  rushing  in  through  narrow  slots  opposite 
to  each  other.  This  possibility  was  examined  by  making  up  a  reed 
with  a  wooden  boot  and  a  carefully  polished  brass  tongue.  The 
wind  supply  to  this  reed  was  passed  through  a  solution  of  hydro- 
chloric acid  so  that  this  moist  acid  air  should  show  by  localized 
pitting  the  points  where  eddies  or  vortices  existed.  The  reed  was 
blown  for  half  an  hour  with  this  acidulated  air  and  then  the  tongue 
examined.  It  was  found  to  be  free  from  serious  attack  except  at 
the  edges,  correspondnig  to  the  orifice  in  the  shallot.  There  was 
no  doubt  that  some  "wire  drawing"  of  the  air  took  place  between 
the  sharp  edges  of  the  shallot  and  the  thin  tongue  and  this  must 
have  the  effect  of  "roughening"  the  pulse  of  air  passing  through 
and  possibly  generating  some  feeble  "edge  tones."  Such  a  disturb- 
ance of  the  air  must  therefore  cause  a  serious  distortion  of  the 
primary  air  pulse  with  a  corresponding  increase  in  the  harmonic 
content  over  a  very  wide  range.  Although  this  modification  of  the 
primary  air  wave  is  of  obvious  importance  in  the  final  tone  actually 
generated,  it  is  additive  to  the  normal  air  pulse,  and  therefore  may 
be  considered  separately  from  it.  The  experimental  work  was 
therefore  next  directed  to  finding  out  the  "shape"  or  form  of  air 
pulse  liberated  by  the  tongue  vibrating  under  normal  conditions. 

The  apparatus  shown  in  Fig.  27  w7as  modified  to  enable  meas- 
urements of  the  wind  pressure  to  be  made  on  both  sides  of  the 
tongue-  when  the  latter  was  in  various  positions  from  fully  closed 
(i.e.  lying  along  the  shallot)  to  fully  open  (i.e.  at  the  maximum 
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outwards  amplitude  of  its  motion).  The  arrangement  used  is 
illustrated  in  Fig.  28  from  which  it  will  be  observed  that  the  glass 
fronted  wind  chest  was  fitted  with  a  thin  brass  wedge  W  and  an 
adjustable  stop  S.  The  former  had  a  taper  of  1  in  10  and  was  so 
arranged  that  it  could  slide  between  the  edge  of  the  shallot  base 
and  the  tip  of  the  tongue.  The  distance  the  wedge  was  inserted 
could  be  measured  on  an  external  scale,  which,  owing  to  the  taper 
employed,  read  10  mm  for  every  1  mm  opening  of  the  tongue. 
One  of  the  difficulties  which  had  to  be  overcome  was  the  measure- 
ment of  pressure  while  the  air  was  in  motion  and,  after  some 
experiments,  it  was  found  that  this  could  be  done  with  reasonably 
consistent  results  by  using  a  very  thin  brass  tube  (see  28A)  the 
end  of  which  was  plugged  and  "streamlined".  The  tube  was  then 
perforated  with  eight  very  small  cleanly  cut  holes  spaced  evenly 
around  the  periphery  near  the  end.  By  this  means,  the  possible 
error  caused  by  the  impact  of  the  moving  air  was  reduced  to  a 
minimum  and  a  true  reading  of  the  actual  static  pressure  obtained. 
It  will  be  noted  that  the  pressure  in  the  wind  chest  was  measured 
by  a  manometer  (Ml)  which  was  extended  to  a  similar  pressure 
tube  fixed  close  to  the  reed  so  as  to  register  the  pressure  on  the 
outside  of  the  tongue.  The  pressure  on  the  shallot  side  of  the 
tongue  was  taken  at  four  points  as  shown  in  the  enlarged  section 
of  the  reed  in  Fig.  28B. 

The  method  of  carrying  out  the  experiment  was  as  follows.  First 
of  all.  the  wedge  and  stop  were  withdrawn  and  the  full  wind 
pressure  (6"  water  gauge)  put  on  the  chest.  The  tongue  then 
vibrated  normally  and  the  stop  S  was  brought  down  until  it  just 
made  contact  with  the  vibrating  tongue.  The  stop  was  then  fixed 
in  this  position  and  the  wind  cut  ofT.  The  wedge  W  was  now 
inserted  until  the  tongue  was  brought  back  to  touch  the  stop: 
the  tongue  was  now  in  the  full  open  position.  The  wind  was  now 
put  into  the  chest  and  adjusted  to  exactly  6"  W.G.  by  manometer 
Ml.  and  readings  were  taken  on  manometer  M2  with  the  pressure 
"pick  up"  at  the  four  points  A,  B,  C,  D,  inside  the  shallot.  The 
wedge  W  was  now  withdrawn  halfway  and  the  stop  S  brought 
down,  the  readings  being  repeated  for  the  "half  open"  position  of 
the  tongue  after  adjusting  the  wind  chest  pressure  again  to  exactly 
6".  The  readings  were  taken  again  after  reducing  the  opening  to 
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one  quarter  and  also,  as  a  matter  of  interest,  were  taken  while  the 
tongue  was  vibrating.  Obviously  in  the  latter  case  they  can  only 
be  average  readings  since  the  inertia  of  the  manometer  liquid  and 
the  small  air  holes  did  not  allow  the  reading  to  fluctuate  in  sym- 
pathy with  the  rapid  pulsations  produced  by  the  reed  (about  60 
per  second).  This  experiment  was  repeated  with  several  reeds 
and  the  results  were  found  to  be  fairly  consistent.  An  example  of 
a  CC  closed  shallot  trumpet  is  tabulated  below: 

TABLE  II 

Pressure  drop  across  reed  tongue  (see  Fig.  28) 


WIND  CHEST 
PRESSURE 

PRESSURE  IN  SHALLOT 

BLOCK 

A 

B 

c 

D 

Tongue  full  open 

half       " 

"         quarter " 

vibrating 

6" 
6" 
6" 
6" 

3.72 
2.76 
0.66 
2.22 

2.71 
1.77 
0.38 
1.50 

1.55 
1.00 
0.13 
0.80 

0.78 
0.63 
0.11 
0.22 

It  soon  became  apparent,  while  carrying  out  these  experiments, 
that  owing  to  the  considerable  adjustment  needed  to  bring  the 
wind  chest  pressure  to  exactly  6"  ther,e  must  be  appreciable  varia- 
tion in  the  wind  pressure  in  the  boot  of  a  normal  reed.  However 
constant  the  pressure  may  be  at  the  soundboard,  the  flow  of  air  is 
restricted  by  the  foothole  in  the  boot,  so  that  with  a  widely  varying 
throughput  (the  rate  of  which  is  determined  by  the  position  of  the 
reed  tongue  relative  to  its  shallot)  the  pressure  in  the  boot  must 
fluctuate.  It  therefore  became  essential  to  find  out  how  serious  this 
pressure  variation  in  the  boot  might  be,  and  this  was  determined 
with  several  pipes  two  of  which  are  tabulated  in  Table  III  below. 
The  apparatus  employed  was  simple,  consisting  of  a  wind  chest 
into  which  the  normal  boot  was  inserted  and  a  second  manometer 
was  connected  to  the  boot  directly,  near  the  block.  The  reed  tongue 
was  held  in  fixed  positions  by  means  of  another  wedge  of  thin  brass 
to  which  it  was  held  by  fine  binding  wire  in  positions  (previously 
measured)  corresponding  to  full  open,  half  open,  and  quarter 
open.  The  wind  chest  pressure  was  also  varied  to  see  if  the  use  of 
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low  or  high  pressure  had  any  appreciable  influence  on  the  pro- 
portionate pressure  drop 

TABLE  III 

Pressure  drop  between  wind  chest  and  reed  boot 


PRESSURE  IN  BOOT  -  INCHES      W.G. 

PRESSURE 

IN  WIND 

CHEST 

REED 

FULL  OPEN 

HALF  OPEN 

QUARTER  OPEN 

INS 

c/c 

INS 

% 

INS 

% 

6" 

4.0 

66.6 

4.5 

75.0 

5.3 

88.5 

cc 

5" 

3.3 

66.0 

3.7 

74.1 

4.4 

88.2 

Trumpet 

4" 

2.65 

66.4 

3.0 

75.0 

3.5 

87.6 

average 

3.31 

66.3 

3.7 

74.7 

4.4 

88.1 

6" 

3.8 

63.5 

4.1 

68.5 

5.0 

83.4 

Ten  C. 

5" 

3.2 

64.0 

3.4 

68.0 

4.2 

84.0 

Trumpet 

4" 

2.5 

62.6 

2.7 

67.8 

3.3 

82.5 

average 

3.1 

63.4 

3.4 

67.7 

4.1 

83.3 

It  will  be  seen  from  the  above  that  the  pressure  fluctuation 
during  one  cycle  of  a  tongue's  vibration  is  very  considerable  and 
it  was  found  to  be  fairly  consistent  over  the  two  bottom  octaves. 
No  reliable  data  however  could  be  obtained  in  the  middle  and 
upper  registers  because  of  the  difficulty  of  setting  accurately  the 
exact  position  of  the  tongue  but  the  indications  were  that  the 
fluctuations  persist  though  to  a  diminishing  degree  as  the  scale 
is  ascended.  It  now  becomes  obvious  however  that  the  air  pulses 
released  by  the  tongue  into  the  resonator,  are  subject  to  a  number 
of  factors  apart  from  the  initial  pressure  supplied  in  the  wind 
chest,  so  that  the  determination  of  the  actual  pulse  is  not  so  easy  as 
it  appears  at  first  sight. 

In  order  to  compare  the  results  so  far  obtained  a  series  of  curves 
have  been  plotted  and  are  given  in  Fig.  29.  At  the  top  of  the 
diagram  is  shown  the  shallot  and  tongue  with  the  four  measuring 
points  marked.  Each  line  on  the  graph  below  therefore  indicates 
the  mean  effective  pressure  distributed  along  the  whole  length 
of  the  tongue  up  to  the  tuning  wire,  expressed  as  a  percentage  of 
the  fixed  windchest  or  supply  pressure.  From  the  four  lines  drawn, 
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which  cover  the  range  measured  from  the  full  open  to  the  full 
closed  positions  of  the  tongue,  an  excellent  idea  of  the  magnitude 
of  the  pressure  variations  (and  therefore  the  force  exerted  on  the 
tongue)  can  be  visualized.  It  is  interesting  also  to  note  how  con- 
sistant  are  the  points  plotted,  forming  as  they  do,  almost  straight 
lines  which  seems  to  confirm  the  reliability  of  the  results  since  any 
experimental  error  would  have  been  very  noticeable  in  view  of  the 
number  of  steps  entailed  in  arriving  at  this  graph. 

The  facts  therefore  can  be  stated  quite  simply.  The  pressure 
exerted  by  the  wind  on  the  tongue  varies  between  25%  and  100% 
of  the  soundboard  pressure  throughout  one  "swing"  of  the  tongue 
at  its  head,  and  66%  to  100%  at  the  root  (i.e.  adjacent  the  tuning 
wire).  The  force  exerted  on  the  tongue  is  therefore  uniformly  vari- 
able during  the  whole  cycle,  from  which  it  is  obvious  that  S.H.M. 
under  such  conditions  is  quite  impossible.  Moreover,  one  would 
naturally  expect  that  the  effect  of  this  varying  force  would  be  much 
more  evident  in  the  case  of  a  thin  flexible  tongue  than  a  shorter 
thicker  one,  which  is  exactly  what  was  found  in  the  earlier  experi- 
ments where  the  vibration  traces  were  recorded. 

When  carrying  out  the  investigations  described  above,  it  was 
necessary  to  make  up  some  reed  tongues,  and  the  question  of  the 
correct  curvature  received  some  attention.  The  curve  is  usually 
referred  to  as  'parabolic"  and  one  is  told  in  books  of  reference  that 
when  the  curve  is  "correct"  the  application  of  finger  tip  pressure 
on  the  end  of  the  tongue  will  cause  it  as  it  closes  to  "roll  down  the 
shallot"  until  it  lies  perfectly  flat  with  no  discernible  air  gap.  This 
however  is  not  a  true  test  of  the  "correctness"  of  a  reed  tongue 
curvature  because  it  is  possible  to  vary  the  curve  on  the  tongue 
quite  appreciably  without  introducing  any  "gaps"  along  the  line 
and,  in  fact,  different  voicers  apply  different  curvatures  which 
produce  distinctive  tonalities  within  a  limited  range. 

It  is  interesting  to  try  and  ascertain  what  this  curve  should  be 
from  a  theoretical  point  of  view  but  the  investigation  would  be  of 
little  actual  value,  because  no  reed  voicer  could  ever  produce  the 
theoretically  correct  curve  by  measurement  and  he  would  be  un- 
likely to  be  satisfied  with  it,  even  if  he  did.  If  the  tongue  is  curved 
in  relation  to  the  shallot  surface  so  that  pressure  on  the  tip  alone 
will  bring  it  perfectly  straight  along  the  shallot,  then  it  is  equiva- 
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lent  to  a  beam  loaded  at  one  end.  Without  going  into  detailed 
mathematics  of  the  problem  the  deflection  of  a  beam  loaded  at  one 
end  only  is  given  by  an  equation  of  the  third  order  and  this  is  not 
therefore  a  parabolic  curve;  the  same  remark  applies  to  a  uniformly 
loaded  beam  which  would  correspond  to  a  normal  open  shallot 
where  the  wind  pressure  is  assumed  to  be  uniform  from  the  fixed 
end  (tuning  wire)  to  the  tip  of  the  tongue.  It  will  be  seen  there- 
fore that  the  actual  curve  imparted  by  the  voicer  to  the  reed  tongue 
must  vary  according  to  the  type  of  shallot  and  the  amount  of  curva- 
ture must  be  adjusted  according  to  the  wind  pressure  and  the 
thickness  of  the  vibrating  tongue.  The  possible  variation  in  the 
ultimate  curve  is  obviously  very  small  indeed  and  the  difference 
between  reeds  prepared  by  two  independent  voicers  would  be 
extremely  hard  to  detect  by  mere  inspection.  This  however  is 
passing  from  the  factual  scientific  aspect  of  reed  voicing  into  the 
"fine  art"  side  which  is  described  by  one  far  better  qualified  to  do 
so  in  Part  I  of  this  book. 


CHAPTER    IV 

THE  TYPE  OF  AIR  PULSES  PRODUCED  BY  REEDS 

Having  obtained  the  essential  data  regarding  the  pressure  varia- 
tions present  during  the  vibration  cycle  of  the  reed  tongue,  the 
next  step  was  to  determine  the  rate  of  air  flow  through  the  shallot 
orifice  with  the  tongue  in  different  positions,  ranging  from  fully 
open  to  the  normally  closed  end  of  the  vibration  cycle.  This  was 
done  in  the  same  apparatus  as  that  illustrated  in  Fig.  28  with  a 
pitot  tube  inserted  in  the  block  and  connected  to  a  differential 
manometer.  It  was  essential  that  the  pitot  tube  should  cause  as 
little  restriction  to  the  flow  as  possible,  hence  it  had  to  be  made 
from  very  thin  capillary  tubing  and  is  shown  in  section  in  Fig.  30. 
The  pitot  tube  was  calibrated  and  the  volume  of  air  passing  in 
cubic  feet  per  minute  was  found  to  be  given  by  the  formula 

V    =     15.4  V  H 

where  H  is  the  reading  of  the  differential  pressure  gauge  in  cen- 
timetres of  water. 

The  technique  applied  was  similar  to  that  employed  in  deter- 
mining the  pressure  drop  across  the  tongue  given  in  Chapter  III, 
the  tongue  being  fixed  in  at  a  number  (up  to  ten)  of  different 
apertures,  and  the  velocity  of  the  air  calculated  from  the  manom- 
eter reading  in  accordance  with  the  above  formula.  A  large  number 
of  different  readings  were  taken  with  tongues  of  different  lengths 
and  also  with  the  three  most  commonly  used  shallots  viz.  the 
"closed",  "open"  and  "filled"  types.  Three  examples  from  those 
employed  in  these  tests  are  illustrated  in  Fig.  31.  As  a  mass  of 
figures  and  tables  are  apt  to  prove  confusing,  a  number  of  repre- 
sentative readings  have  been  plotted  to  give  curves  showing  the 
actual  rate  of  flow  through  the  different  shallots,  and  these  are 
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given  in  Fig.  32,  from  which,  it  will  be  perceived,  that  practically 
all  lie  close  to  a  uniform  curve  which  is,  however,  quite  distinctive 
for  each  type  of  shallot,  and  may  give  some  clue  as  to  the  different 
timbre  produced  by  the  use  of  different  shallots  for  varying  tone 
colours. 

For  convenience  of  comparison  and  calculation  the  curves  have 
been  plotted  on  a  percentage  basis.  The  ordinates  show  the  situ- 
ation of  the  tongue  from  the  closed  position  along  the  shallot  (0) 
to  the  fully  open  position  when  it  is  at  its  maximum  amplitude 
away  from  the  shallot  (100).  The  abscissae  indicate  the  rate  of 
air  flowing  through  the  aperture  between  tongue  and  shallot,  the 
maximum  effluent  with  the  tongue  at  the  limit  of  its  outward  swing 
being  taken  as  100. 

It  is  apparent  that,  with  the  open  shallot,  the  rate  of  flow  in- 
creases rapidly  at  first  as  the  tongue  moves  away  from  the  reed,  so 
that  when  only  half  way  outwards  the  rate  of  air  influx  to  the  pipe 
is  over  75%  of  the  maximum  and  the  remaining  half  of  the  out- 
ward swing  only  gives  another  25%  extra  air,  even  though  the 
pressure  is  maintained  constant  in  the  reed  boot,  as  it  was  in  all 
these  experiments.  The  closed  shallot  gives  a  rather  different 
curve,  the  rate  of  flow  still  being  higher  for  the  initial  opening  of 
the  shallot  orifice,  but  not  so  marked  as  the  "open"  type.  The  most 
remarkable  curve  however  is  given  by  the  "filled"  or  capped  shallot 
because  here  it  approaches  very  nearly  a  straight  line;  in  other 
words  the  rate  of  flow  is  almost  directly  proportional  to  the  move- 
ment of  the  tongue  away  from  the  reed. 

It  does  not  of  course  follow  that  all  reeds  would  give  the  same 
results  as  those  indicated  in  these  curves.  Obviously  the  size  and 
shape  of  the  shallot  orifices,  the  amplitude  of  the  tongues  vibra- 
tion (i.e.  whether  for  low  or  high  pressure  wind)  all  have  an  in- 
fluence, and  no  more  can  be  said  than  that  these  curves  give  an 
indication  of  the  influence  of  the  shallot  on  the  form  of  air  pulse 
released.  It  must  also  be  remembered  that  the  curves  in  question 
were  obtained  under  static  conditions,  with  the  wind  chest  or  boot 
pressures  maintained  constant,  and  would  need  considerable  cor- 
rection and  modification  in  order  to  ascertain  the  nature  of  the  air 
flow  under  normal  operating  conditions,  as  for  example  when  made 
to  sound  by  the  organist's  finger,  with  or  without  the  addition  of 
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other  pipes  in  combination.  The  variation  in  pressure  in  the  boot 
caused  by  the  alternate  opening  and  closing  of  the  shallot  orifice 
has  already  been  explained  in  Chapter  III  (p  65)  but,  in  order  to 
get  intermediate  points,  it  is  necessary  to  plot  the  averages  and 
draw  a  smooth  curve  through  these  points  (Fig.  33). 

All  the  data  for  estimating  the  "shape"  of  the  air  pulse  regularly 
released  by  the  tongue  is  now  available.  The  rate  of  air  flow  for 
constant  pressure  is  given  in  the  curves  of  Fig.  32,  and  the  variation 
in  pressure  in  curve  22.  By  combining  the  data  from  these  curves 
with  the  curve  obtained  by  directly  tracing  the  movement  of  the 
tongue  a  composite  curve  can  be  drawn  indicating  both  the  amount 
of  wind  passing  into  the  resonator  at  each  cycle,  and  how  it  is 
distributed  in  relation  to  time. 

As  an  actual  example  take  the  CC  Trumpet,  the  pressure  drop 
curve  of  which  is  given  in  Fig.  33,  while  the  actual  air  flow  curve 
for  this  particular  pipe  is  given  (as  a  dotted  line)  in  32B.  Now  it  is 
known  from  earlier  experiments  that  the  rate  of  flow  for  any  fixed 
opening  is  proportional  to  the  pressure  difference  across  the  reed, 
so  if  the  airflow  as  indicated  in  32B  is  reduced  in  proportion  to 
the  actual  pressure  in  the  boot,  as  shown  in  Fig.  33,  then  a  new 
curve  can  be  drawn,  showing  the  true  rate  of  flow  under  working 
conditions.  This  curve  is  illustrated  in  Fig.  34  and  the  figures 
from  which  it  has  been  derived  are  given  in  columns  A,  B,  C  and 
D  of  table  IV.  The  remarkable  thing  noticeable  here  is  the  way 
the  pressure  drop  in  the  boot  almost  exactly  compensates  for  the 
increase  in  the  aperture  of  the  reed  as  the  tongue  swings  outwards. 
Above  50%  opening  it  will  be  observed  that  the  rate  of  flow  is  prac- 
tically constant  thus  indicating  that  the  curve  representing  the 
"shape"  of  the  actual  individual  pulsation  of  air  must  be  very  flat 
topped  i.e,  far  removed  from  a  sine  curve,  in  fact  there  is  a  slight* 
suggestion  of  a  feeble  central  depression  in  the  curve  but  as  this 
is  well  within  the  limits  of  experimental  error  it  is  perhaps  best 
ignored. 
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TABLE  IV. 

Actual  air  flow  through  reed  under  normal  operating  conditions. 


B 


D 


AIR 

DISTANCE 

FLOW  RATE 

NET 

THROUGH- 

TIME BASE  AS  % 

OF  TONGUE 

UNDER 

BOOT 

AIR 

PUT  AS 

1  ST     2nd 

FROM 

CONSTANT 
PRESSURE 

PRESSURE 
VARIATION 

velocity 

(axb) 

PERCENT- 
AGE 

HALF    HALF 

SHALLOT 

CYCLE 

0 

0 

0 

0 

0 

0 

0 

10 

30 

92.5 

27.7 

41.5 

18 

16 

20 

50 

87.0 

43.5 

65.0 

25 

23 

30 

65 

82.7 

53.7 

80.8 

34 

28 

40 

75 

79.3 

59.5 

89.2 

40 

34 

50 

84 

76.0 

63.8 

96.0 

47 

40 

60 

90 

73.4 

66.0 

99.0 

55 

46 

70 

94 

71.0 

66.6 

100.0 

64 

53 

80 

96 

69.0 

66.2 

99.5 

72 

60 

90 

98 

67.6 

66.3 

99.8 

83 

68 

100 

100 

66.3 

66.3 

99.8 

91 

91 

Columns  E  and  F  in  the  above  table  IV,  were  obtained  by  taking 
co-ordinates  off  the  enlarged  film  track  of  the  reed  under  test  (Fig. 
22)  from  which  the  actual  amount  of  the  tongue's  movement 
away  from  the  shallot  at  any  point  in  the  cycle  could  be  accurately 
determined.  It  was  convenient  to  take  each  half  cycle  and  divide 
into  ten  parts  because,  as  previously  pointed  out,  the  curve  is  not 
symmetrical.  The  difference  between  the  first  and  second  halves 
of  the  swing  is  clearly  shown  by  the  variation  between  the  figures 
in  columns  E  and  F  the  former  showing  the  time  taken  lor  the 
tongue  to  move  outwards  and  the  latter  to  move  inwards.  By  plot- 
ting this  time  against  the  throughput  therefore,  the  estimated 
"shape"  of  the  individual  air  pulsations  can  be  drawn,  the  abscissa 
being  the  time  base  and  the  ordinate  the  rate  of  flow.  Since  the 
pressure  build  up,  or  air  pressure  wave,  is  roughly  proportional  to 
the  rate  of  air  flow  under  otherwise  constant  conditions,  the  re- 
sultant curve  (Fig.  35)  should  roughly  represent  the  "shape"  of 
the  sound  wave  produced. 

If  this  rather  bold  assumption  is  correct,  then  it  should  be  pos- 
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sible  to  analyse  the  curve  shown  in  Fig.  35  and  see  exactly  what 
harmonics  are  needed  in  order  to  produce  it  in  this  form.  Unfor- 
tunately the  mathematical  analysis  of  such  an  obviously  complex 
curve,  proved  a  practical  impossibility,  and  as  no  harmonic  analyser 
was  available  the  problem  had  to  be  tackled  from  another  angle. 
The  writer  therefore  devised  and  constructed  a  machine  (called, 
for  want  of  a  better  name,  a  Harmonic  Integrator)  which  would 
draw  curves  of  any  known  harmonic  content  for  the  first  eight  of 
the  series.  Moreover  the  apparatus  was  so  arranged  that  the  rela- 
tive amplitudes,  or  phases,  of  the  harmonics  present,  could  be 
altered  very  quickly,  and  the  analysis  of  the  curve  produced  was 
known  quite  accurately.  It  was  thought  that  by  this  means  close 
matches  to  the  unknown  curves  might  be  obtained  and  thus  their 
harmonic  content  deduced  with  some  confidence  and  accuracy.  As 
this  apparatus  is  believed  to  be  unique,  a  brief  description  may  be 
of  interest  and  it  is  therefore  illustrated  in  Fig.  36. 

The  machine  consists  basically  of  eight  brass  discs,  all  of  which 
are  driven  postively  by  chains  from  a  central  shaft,  the  gearing 
being  so  arranged  that  if  number  1  disc  rotates  at  say  one  revolu- 
tion per  minute,  then  number  2  makes  two  revolutions  per  minute 
and  so  on  until  the  last  or  eighth  disc  which  rotates  at  eight  revolu- 
tions per  minute.  On  each  disc  is  fitted  a  crank  pin  which,  by 
means  of  two  adjusting  screws,  can  be  altered  to  any  position,  thus 
enabling  an  infinite  variation  of  the  throw  to  be  made,  and  also  of 
the  crank  pin  angle  relative  to  the  adjacent  crank  pins.  Horizontal 
slides  rest  on  these  crank  pins,  and  as  the  discs- rotate  at  constant 
speed,  the  vertical  rods  carrying  these  slides  move  up  and  down  in 
Simple  Harmonic  Motion.  This  movement  is  transmitted  by  all 
the  eight  discs  and  crank-pins,  through  a  simple  system  of  floating 
levers,  to  a  central  rod,  working  in  guides,  which  carries  a  pen. 
The  vertical  movement  of  the  pen  therefore  is  controlled  equally 
by  the  motion  of  the  eight  separate  discs,  all  of  which  are  turning 
in  the  ratio  1:2:3:4  .  .  .  :8,  thus  representing  all  the  first  eight 
harmonics.  The  pen  therefore  records  on  the  strip  of  paper  (which 
is  carried  on  a  platform  running  on  steel  guides)  a  complex  curve 
in  which  all  the  eight  individual  harmonics  are  integrated.  The 
platform  carrying  the  recording  paper  is  pulled  across  the  pen  in 
a  horizontal  direction  by  a  wire  which  is  wound  on  a  parallel  sided 
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drum,  driven  by  gearing,  off  the  shaft  carrying  the  first  disc,  hence 
the  horizontal  motion  of  the  paper  is  exactly  proportional  to  the 
rate  of  rotation  of  the  discs.  It  follows  therefore  that  if  all  the  slide 
cranks  are  fixed  except  one,  (it  does  not  matter  which  one)  then 
the  pen  will  trace  a  sine  curve  the  frequency  of  which  will  be 
determined  by  the  particular  disc  allowed  to  rotate.  All  the  ro- 
tating discs  in  turn  will  produce  sine  curves  the  second  being  twice 
the  frequency  of  the  first  and  so  on  to  the  last  which  has  precisely 
eight  cycles  to  one  cycle  on  the  first  disc.  The  amplitude  of  each  is 
easily  determined  by  measurement  of  the  range  of  the  vertical 
motion  or  its  respective  slide  crank,  and  the  angle  of  lag  or  lead, 
(i.e.  the  phase  relationship)  can  be  determined  by  measuring  the 
angle  from  the  horizontal  by  means  of  a  protractor.  The  system  of 
levers  as  shown  reduces  the  amplitude  for  recording  purposes  to 
one  eighth  that  of  the  vertical  motion  of  the  slide  cranks,  but  each 
crank  pin  controls  the  pen  in  strict  proportion  to  its  stroke.  It  will 
be  seen  therefore  that  with  this  apparatus  it  is  easy  to  set  the  crank 
pins  to  known  amplitudes  and  angles,  so  that  however  complex  is 
the  curve  produced,  its  harmonic  content  is  known  beforehand. 

Of  course  this  machine  is  only  capable  of  drawing  curves  with 
harmonics  up  to  and  including  the  eighth,  and  for  accurate  match- 
ing of  complex  tones  it  is  necessary  to  consider  up  to  the  twenty- 
fourth  or  even  higher.  The  amplitude  of  the  higher  harmonics 
tails  off  rapidly  (generally  speaking)  above  the  eighth,  and  as  it 
is  often  possible  to  deduce  what  these  will  be,  this  apparent  defect 
in  the  apparatus  is  not  so  serious  as  it  may  at  first  sight  appear.  For 
example,  if  the  apparatus  is  set  so  that  the  second  harmonic  has 
half  the  amplitude  of  the  first,  the  third  harmonic  one  third  the 
amplitude  of  number  one  and  so  on  in  this  diminishing  series  so 
that  the  last  harmonic  has  one  eighth  the  amplitude  of  the  first  then 
the  effect  of  adding  the  successive  harmonics  is  demonstrated  in 
Fig.  37.  In  37A  only  the  first  two  are  integrated,  both  being  in 
phase;  in  37B  the  first  four  are  included  and  in  37C  all  the  eight 
are  present,  still  in  phase  with  number  one.  It  will  be  seen  how 
the  curve  approaches  nearer  and  nearer  the  straight  line  "saw  tooth 
curve"  shown  at  37D  and  one  can  safelv  assume  that  if  the  above 
diminishing  series  were  continued  to  infinity,  the  harmonics  of 
increasing  frequency  and  reduced  amplitude  would  fill  in  the 
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hollows  left  in  37C  and  produce  the  curve  37D.  As  a  matter  of 
fact  it  can  be  proved  mathematically  that  a  straight  line  needs  an 
infinite  number  of  harmonics  and  that  the  "saw  tooth  curve"  does 
contain  them  in  amplitudes  following  the  diminishing  series  1/1, 
1/2,  1/3,  etc. 

By  a  process  of  trial  and  error  the  curve  produced  by  experiment 
and  calculation  as  representative  of  the  air  pulsation  from  a  reed 
(Fig.  35)  was  matched  as  nearly  as  possible  by  the  apparatus 
described  above.  It  was  soon  found  that  to  get  a  true  flat  topped 
curve  the  harmonics  must  all  be  out  of  phase  with  the  first  (or 
fundamental),  and  that  to  get  this  type  of  curve  it  was  necessary 
to  have  all  the  crank-pins  passing  through  bottom  dead  centre  at 
the  same  instant.  The  effect  on  the  curve  of  this  phase  relationship 
is  clearly  demonstrated  by  comparing  Fig.  37E  with  37C;  here 
both  curves  have  identical  harmonic  content  but  whereas  all  are 
in  phase  with  number  one  in  37C,  they  have  the  following  angles 
of  lead  in  37D. 


1 

0 

5 

0° 

2 

90° 

6 

90° 

3 

180° 

7 

180° 

4 

270° 

8 

270° 

For  ease  in  plotting  and  comparing  the  curves  it  was  found 
desirable  to  extend  the  base  and  in  Fig.  38A  the  same  curve  as  37E 
is  repeated  on  a  more  extended. scale.  The  similarity  between  this 
and  the  calculated  air  pulse  curve  (Fig.  35)  is  obvious  and  by 
inference,  it  appeared  that  the  curve  calculated  for  the  reed  could 
be  matched  by  keeping  the  harmonics  in  the  phases  mentioned 
above  and  preserving  a  regular  diminishing  series  for  the  suc- 
cessive harmonics.  Fig.  38B  shows  the  curve  which  was  considered 
to  be  a  reasonably  accurate  match;  in  this  case,  each  harmonic  has 
0.6  the  amplitude  of  its  predecessor  so  that  assuming  the  amplitude 
of  the  fundamental  is  100  then  the  second  to  eighth  harmonics 
have  amplitudes  60,  36,  19.6,  1 1.8,  7.1,  4.2,  2.5.  The  curve  shown 
in  Fig.  35  has  been  replotted  as  a  dotted  line  on  this  integrated 
curve,  and  the  agreement  will  be  seen  to  be  very  close,  well  within 
the  range  of  experimental  error.  It  can  also  be  assumed  that  if  the 
harmonics  higher  than  the  eighth  were  included,  still  keeping  to 
the  same  series,  these  would  fill  in  the  slight  hollows  in  the  straight 
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portion  of  the  curve  and  the  deviation  between  the  two  curves 
would  be  almost  negligible. 

It  is  therefore  clear  from  these  investigations  that  the  air  pulses 
liberated  by  an  ordinary  "closed"  type  of  reed,  without  any  resona- 
tor to  provide  an  artificial  load  or  choking  effect,  are  in  a  form  that 
already  contains  all  the  harmonics  present,  though  in  amplitudes 
which  diminish  steadily  as  the  frequency  increases.  This  of  course 
applies  to  the  simplest  form  of  air  pulsation  which  was  measured 
under  practically  static  conditions,  and  the  actual  sound  wave  pro- 
duced by  it  must  be  still  more  complex.  The  "wire  drawing" 
effect  of  the  wind  passing  through  the  narrow  slit  between  tongue 
and  shallot  has  already  been  mentioned  and  this  causes  violent 
eddies  or  vortices  which  must  add  other  high  overtones  to  the 
fundamental  air  wave.  It  must  also  be  remembered  that  the  pulse 
of  compressed  air  is  normally  directed  into  a  resonator  which 
contains  air  already  in  a  state  of  vibration,  which  will  modify  con- 
siderably the  ultimate  harmonic  development  and  therefore  the 
final  tone  produced. 

Before  leaving  the  theoretical  air  pulse  curves,  it  is  interesting  to 
compare  those  obtained  by  using  different  shallots  under  similar 
test  conditions  and  with  the  same  reed  tongue.  In  Fig.  39  are 
plotted  the  three  curves  produced  from  open,  closed,  and  filled 
shallots  and  the  difference  in  the  shape  of  the  air  pulsation  is  very 
apparent.  It  will  be  obvious  from  the  data  already  discussed,  that 
the  open  shallot  produces  the  highest  harmonic  content,  and  this 
would  be  even  more  enhanced  in  practice  owing  to  the  increased 
formation  of  vortices  along  the  extended  orifice  or  slit  between 
tongue  and  open  shallot.  The  closed  shallot  occupies  an  interme- 
diate position  but  the  filled  shallot  gives  a  curve  which  is  much 
smoother  in  character  indicating  that  the  harmonic  content  is 
much  less  than  with  either  of  the  other  reeds.  On  theoretical 
grounds  therefore  and  according  to  the  experiments  carried  out, 
one  would  expect  open  reeds  to  give  the  most  complex  (and  prob- 
ably least  pleasing)  tones  while  the  filled  shallot  reeds  should 
produce  a  smoother  and  more  horn  like  quality. 


CHAPTER    V 


THE  EQUIVALENT  SOUND  WAVE 
PRODUCED  BY  REEDS 

It  having  been  clearly  demonstrated  why  the  tones  produced  by 
vibrating  reeds  are  necessarily  complex,  it  was  still  deemed  de- 
sirable to  check  the  original  curve  representing  the  air  pulse  against 
a  curve  truly  representative  of  the  actual  sound  wave.  The  sounds 
produced  by  the  various  reeds  examined  therefore  were  recorded 
by  a  modified  form  of  Phonodeik  as  used  by  D.  C.  Miller. 

The  apparatus  is  shown  diagrammatically  in  Fig.  40,  and  com- 
prised a  stiff  coned  paper  diaphragm  A,  to  the  apex  of  which  was 
attached  a  fine  wire  wrapped  round  a  spindle  supported  on  points 
between  two  jewelled  bearings.  The  wire  was  pulled  tight  by  a 
spring  S  so  that  the  slightest  movement  of  the  diaphragm  caused 
the  spindle  to  rotate  a  minute  amount.  A  tiny  galvanometer  mirror 
(B)  was  rigidly  attached  to  this  spindle  and  a  narrow  pencil  of 
concentrated  light  directed  on  it  from  a  projector  lamp  "C"  through 
a  small  hole  in  a  diaphragm  D.  This  beam  of  light  was  reflected  on 
to  another  larger  mirror  E  which  could  be  rotated  at  constant  speed 
and  the  reflected  light  from  this  rotating  mirror  was  directed  on  to 
a  photographic  plate  of  high  sensitivity  shown  at  F.  The  pipe  or 
source  of  sound  was  brought  close  to  the  diaphragm  "A"  and  the 
sound  waves  consisting  of  alternate  regions  of  pressure  and  partial 
vacuum  caused  the  diaphragm  to  vibrate  in  sympathy,  so  that  the 
spot  of  light  reflected  from  the  small  mirror  B  ceased  to  be  a  spot 
when  it  reached  the  rotating  mirror  E  but  was  drawn  out  to  what 
appeared  to  be  a  strip  of  light  along  X.Y.  the  length  of  this  strip 
being  proportional  to  the  intensity  of  the  sound  produced.  When 
mirror  E  was  rotated  in  a  plane  at  right  angles  to  the  vibration  X.Y. 
the  spot  of  light  traced  out  a  curve  corresponding  to  the  pressure 
variations  in  the  actual  sound  wave.    Hence  the  curve  produced 
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and  recorded  on  the  photo  plate  was  representative  of  the  actual 
sound  wave  generated  by  the  reed.  This  Phonodeik  was  found 
to  give  quite  reliable  results  for  low  frequencies,  that  is,  where 
the  harmonics  did  not  rise  above  1000  cycles  per  second  but  it  was 
insensitive  at  higher  frequencies  owing  to  the  inertia  of  the  moving 
parts  and,  in  spite  of  the  fact  that  these  were  several  times  recon- 
structed and  lightened,  it  was  never  possible  to  be  sure  that  the 
resultant  curve  was  a  correct  interpretation  of  the  sound  wave  if 
the  latter  had  a  pitch  above  Ten  C.  For  higher  frequencies  a 
cathode  ray  oscilloscope  was  used  but  here  the  attendant  micro- 
phones and  amplifiers  were  open  to  suspicion,  especially  micro- 
phones, none  of  which  has  an  even  sensitivity  over  the  whole 
aural  frequency  range.  It  was  found  with  the  oscilloscope  that 
the  curves  produced  varied  so  much  with  different  microphones 
and  different  angles  of  approach  that  they  were  useless  for  pur- 
poses of  correlation;  moreover  the  amplitudes  of  different  fre- 
quencies varied  enormously,  although  the  intensity  of  the  sounds 
when  judged  by  ear  alone  was  almost  the  same.  This  instrument 
therefore,  in  spite  of  its  sensitivity  and  ease  of  manipulation  has 
serious  limitations  w7hich  must  be  appreciated  and  allowed  for  in 
investigative  work  of  this  nature. 

In  Fig.  41 A  the  phonodeik  trace  of  a  CC.  closed  shallot  reed  is 
given,  but  as  the  amplitude  is  rather  small  it  has  been  replotted 
to  an  increased  ordinate  scale  in  Fig.  41B  and  the  equivalent 
"calculated"  curve  inserted  as  a  dotted  line.  It  will  be  noticed  that 
the  sound  wave  curve  differs  materially  from  the  calculated  curve 
for  the  first  third  of  the  cycle  but  afterwards  conforms  fairly  closely 
to  the  theoretical  one  although  the  latter  was  worked  out  under 
entirely  static  conditions.  The  most  probable  reason  for  the  differ- 
ence is  that  when  the  tongue  is  vibrating  and  the  air  pulsations  are 
converted  into  sound  waves  there  are  alternate  periods  of  pressure 
and  partial  vacuum  in  the  shallot  and  block.  There  is  also  the  effect 
of  inertia  of  the  air  which  would  cause  the  air  pulse  to  build  up 
a  positive  pressure  wave  followed  by  a  region  of  negative  pressure 
in  the  shallot  behind  the  tongue  as  it  closed  the  shallot  orifice.  This 
would  cause  a  far  greater  pressure  difference  than  static  measure- 
ments would  indicate  and  when  the  tongue  began  to  open  for  the 
next  cycle  there  would  be  an  immediate  rush  of  air  to  fill  the  void, 
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thus  producing  a  greatly  increased  rate  or  air  flow  early  in  the  cycle 
as  the  curve  indicates. 

It  was  soon  discovered  that  there  was  still  another  important 
factor  governing  the  actual  sound  produced  and  that  is  the  vibra- 
tion of  the  air  in  the  boot  of  the  reed.  By  arranging  the  reed  block 
so  that  the  air  was  drawn  through  it  into  an  expansion  chamber 
lined  with  felt,  the  vibrating  tongue  could  be  examined  in  the 
open  and  the  sound  produced  from  the  outside  of  the  tongue 
recorded.  This  is  given  in  Fig.  41C  and  the  similarity  between  this 
and  the  normal  curve  4 1 B  is  apparent.  It  must  be  remembered  that 
in  all  these  cases  there  was  no  resonator  present  the  sound  coming 
directly  from  the  block. 

Another  minor  but  perhaps  important  detail  noticed  when  the 
boot  was  removed  was  the  vibration  of  the  tuning  wire  which  at 
certain  frequencies  was  very  considerable  and  easily  discernible 
by  the  eye.  It  was  not  possible  to  separate  any  sound  produced  by 
this  wire  from  that  generated  in  much  greater  volume  by  the  reed 
itself,  but  there  does  seem  some  danger  of  it  influencing  the  tone 
of  more  delicate  reed  stops  perhaps  causing  obscure  problems 
when  voicing  such  pipes. 

The  ultimate  sound  heard  issuing  from  a  reed  pipe  therefore,  is 
a  complex  resultant  which  derives  its  quality  from  (A)  the  primary 
air  pulse  liberated  by  the  vibrating  tongue,  (B)  the  sound  pro- 
duced in  the  boot  and  superimposed  on  the  '  primary"  sound,  (C) 
any  vibrations  derived  from  the  tuning  wire.  All  these  are  im- 
mensely modified  by  the  resonator  in  which  some  of  the  harmonics 
are  almost  suppressed  while  others  are  amplified.  The  effect  of 
adding  a  conical  (trumpet)  resonator  to  the  reed  block  is  shown  in 
Fig.  4 ID  which  demonstrates  the  change  in  wave  form  since  this 
curve  was  obtained  on  the  same  reed,  working  under  identical 
conditions  as  41 A  but  after  fitting  an  eight  foot  pipe  tuned  to 
resonance.  An  even  better  example  of  the  enormous  influence 
exerted  by  the  tube  or  resonator  is  shown  in  Fig.  42.  The  curve  A 
here  is  that  produced  by  a  Clarinet  reed  without  any  resonator 
fitted  and  the  multitude  of  high  harmonics  present  will  be  apparent 
even  to  the  most  unpracticed  observer,  indicating  that  the  tone  is 
of  a  most  raucous  and  unpleasant  quality.  Curve  B  is  that  of  the 
same  reed  under  precisely  the  same  conditions  of  wind  pressure 
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but  with  the  capped  and  slotted  tubular  resonator  added.  The 
suppression  of  the  high  dissonant  overtones,  or  rather  the  con- 
version of  their  energy  into  simpler  harmonics  can  clearly  be  seen 
by  the  characteristic  change  into  the  simpler  sound  wave  curve. 

It  should  perhaps  be  pointed  out  here  that  such  curves  as  those 
illustrated  in  41D  and  42B  cannot  be  taken  as  necessarily  typical 
for  the  particular  pipes  or  tone  quality  which  they  represent.  There 
are  also  a  number  of  "sound  curves"  to  be  found  in  the  literature 
on  acoustics,  but  it  must  be  realized  that  only  after  analysis  into 
their  harmonic  components  are  they  of  any  real  use,  although, 
with  some  experience,  a  very  good  idea  of  the  approximate  har- 
monic development  can  be  deduced  from  the  appearance  of  the 
curve  alone.  The  relative  phases  of  the  various  harmonics  play  an 
important  part  in  determining  the  ultimate  shape  of  the  composite 
tone  curve  and  this  hitherto  does  not  appear  to  have  been  fully 
appreciated.  It  may  be  demonstrated  more  easily  in  the  case  of  a 
pipe  producing  a  comparatively  simple  tone  so  a  treble  C  stopped 
pipe  (512  cycles  per  second)  in  which  the  fundamental  and 
twelfth  (i.e.  first  and  third  harmonic)  only  are  present  in  any 
appreciable  proportion  will  be  taken.  In  Fig.  43A  the  separate 
curves  of  the  fundamental  tone  and  the  third  harmonic  are  shown 
in  phase,  that  is  to  say,  each  start  building  up  a  positive  pressure 
wave  from  atmospheric  at  the  same  instance.  If  these  two  curves 
are  combined,  the  resultant  takes  the  form  shown  in  43C.  If  how- 
ever the  third  harmonic  starts  with  a  negative  (reduced)  pressure 
wave  from  the  same  atmospheric  pressure  point  as  illustrated  in 
43B,  then  the  resultant  curve  is  as  shown  in  4 3D,  the  difference 
between  this  and  43C  being  very  obvious. 

Now  the  phase  of  the  harmonic  depends  on  the  distance  of  the 
listener  from  the  pipe  and  any  doubts  which  the  reader  may  have 
on  this  point  should  be  dispelled  by  examining  43E  and  F  which 
are  actual  oscillograms  taken  with  a  single  C2  stopped  flute  pipe. 
In  the  case  of  43E  the  microphone  was  two  feet  from  the  mouth 
of  the  pipe  which  seems  to  indicate  that  the  harmonics  are  gen- 
erated in  phase  at  the  pipe  mouth  and  are  therefore  also  in  step  at 
any  multiple  of  two  feet,  the  fundamental  wavelength  of  this 
pitch.  This  was  confirmed  by  experiment.  If  however  the  micro- 
phone is  moved  to  intermediate  points  the  relative  position  of  the 
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harmonic  appears  to  change  and  such  a  curve  with  the  twelfth 
half  a  cycle  out  of  phase  is  shown  in  43F.  Obviously,  if  such  a 
radical  change  in  appearance  is  possible  with  a  simple  tone  con- 
taining only  two  harmonics,  then  the  sound  waves  produced  by 
the  complex  tones  generated  by  reed  pipes  will  be  of  infinite 
variety,  according  to  the  proximity  of  the  microphone  or  other 
pick-up.  It  is  clear  however  that  as  the  listener  hears  the  same 
quality  of  tone  from  a  given  pipe,  however  far  away  he  stands 
(within  reason)  the  aural  effect  of  variations  in  phase  is  negligible. 
In  Fig.  44  will  be  found  twelve  "synthetic"  sound  curves  drawn  by 
the  Harmonic  Integrator  which  give  a  good  idea  of  the  influence 
variations  in  phase  have  on  the  resultant  curve.  All  these  curves 
have  precisely  the  same  harmonic  content;  all  the  first  eight,  and  at 
equal  amplitudes.  In  A  all  are  in  phase  but  from  B  to  I  each 
harmonic  has  in  turn  been  set  180°  out  of  phase  with  the  remain- 
der; thus  in  B  all  start  in  step  except  No.  1  which  lags  180°  behind 
the  other  seven,  and  in  C  the  No.  1  is  returned  to  its  original  posi- 
tion and  No.  2  set  180°  out  and  so  on.  In  the  case  of  J  each 
harmonic  is  90°  in  advance  of  the  previous  one  and  the  remaining 
two  curves  are  'mixed'  the  harmonics  being  set  at  random.  It  is 
perhaps  a  little  difficult  to  realize  that  all  these  curves  would  sound 
alike  if  converted  into  their  relative  air  pressure  waves  but  it  is 
none  the  less  true. 

The  additive  effect  of  harmonics  from  different  sources  is  one 
of  the  peculiar  properties  of  the  human  ear  and  some  experiments 
carried  out  by  the  author  using  pairs  of  pipes  placed  half  a  wave 
length  apart  (e.g.  two  mid  C  diapasons  set  at  2-ft.  centres)  seem  to 
indicate  that  even  when  the  sounds  from  two  sources  are  directly 
out  of  phase  they  do  not  cause  interference  with  consequent  at- 
tenuation, but  reinforce  each  other  so  that  to  the  ear  the  sounds 
emitted  by  two  pipes  remain  the  same  from  whatever  angle  they 
are  heard.  The  variations  in  phase  have  been  amply  demonstrated 
by  oscilloscope  experiments  under  these  conditions  but  the  ear 
obstinately  refuses  to  acknowledge  the  difference;  perhaps  this  is 
as  well,  since  pipe  organs  (and  orchestras)  would  otherwise  be 
only  bearable  at  a  few  precise  positions  in  the  building. 

It  will  have  been  understood  from  previous  remarks  on  the  tone 
properties  of  reeds  that  they  are  very  complex  so  far  as  harmonic 
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structure  is  concerned,  and  contain  generally  at  least  the  first  eight 
harmonics  in  almost  equal  proportion.  This  is  certainly  the  case 
in  the  middle  and  lower  octaves  but  as  one  goes  up  the  scale  there 
is  a  tendency  for  the  complexity  of  the  tone  to  diminish.  A  series 
of  curves  recorded  by  an  oscillosocope  are  shown  in  Fig.  45  and 
(bearing  in  mind  the  warning  given  above  about  the  appearance 
of  such  curves)  it  will  be  seen  that  the  form  of  the  curve  becomes 
simpler  as  the  pitch  rises.  The  five  curves  shown  represent  CC. 
Ten.  C,  Mid.  C,  C2  and  C3  of  a  Harmonic  Trumpet,  the  reeds 
of  which  can  be  seen  in  the  frontispiece. 

It  will  be  appreciated  that  above  c3  (where  the  fundamental 
has  a  frequency  of  about  1,000  cycles  per  second)  the  harmonics 
are  approaching  a  frequency  range  where  aural  sensitivity  is  be- 
coming reduced,  so  only  the  first  few  harmonics  would  be  audible 
anyhow.  On  the  other  hand,  in  a  low  note  such  as  CC  or  Ten  C 
the  harmonics  above  the  fifth  fall  within  the  most  sensitive  range 
of  the  ear,  so  unless  they  are  suppressed  somewhat  in  the  voicing 
of  the  pipe  they  would  be  so  noticeable  as  to  become  obnoxious. 
The  varying  sensitivity  of  the  ear  therefore  demands  that  the 
harmonic  development  of  any  single  stop  shall  change  continu- 
ously from  the  bottom  note  to  the  top  so  that  all  can  sound  alike, 
as  they  should  do  in  a  perfectly  regulated  rank  of  pipes.  There 
seems  to  be  no  scientific  way  of  doing  this  precisely  or  satisfactorily, 
furthermore  it  is  questionable  whether  any  two  persons  hear  the 
same  quality  of  tone  from  any  given  pipe,  owing  to  slight  physio- 
logical differences  in  their  auditory  organs.  This  being  the  case 
it  is  inevitable  that  there  will  always  be  honest  differences  of 
opinion  as  to  the  merits  or  demerits  of  any  particular  organ  stop 
and  the  ultimate  criterion  can  only  be  the  brain  of  the  individual 
listener  himself.  Although  certain  broad  principles  of  cause  and 
effect  can  be  laid  down  by  the  scientific  investigator,  it  must  be  left 
to  the  artist  in  sound,  the  voicer  of  organ  pipes,  to  perfect  by  ear 
alone,  the  system  and  arrangement  of  regulated  sounds  by  which 
composers  and  players  are  enabled  to  produce  the  music  that  thrills 
the  listener. 
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(1)     Preparation  of  Reed  Tongues 

These  are  cut  out  from  sheets  of  brass  of  standard  gauges  and 
prepared  to  suit  each  pipe  to  be  voiced.  The  operation  of  cutting 
the  strips  is  as  follows: 

A  tapered  sheet  metal  gauge  or  template  is  used  for  marking 
out  the  brass  sheet.  This  gauge  may  be  Yi  inch  wide  at  one  end 
tapering  to  1/16  inch  at  the  other,  the  overall  length  being  about 
4V4  inches  but  the  exact  taper  may  be  altered  to  suit  the  particular 
reed  in  process  of  being  voiced.  The  gauge  is  laid  along  the  edge 
of  the  brass  foil  or  sheet  and  a  line  scribed  along  the  inner  edge. 
With  the  sheet  placed  on  a  planed  slab  of  cast  iron  a  straight  edge 
is  set  over  the  marked  out  tongue  and  against  the  scribed  line  and 
clamped  down.  The  gauge  is  now  placed  the  other  way  round 
against  the  straight  edge  and  the  next  line  scribed.  This  is  done 
each  time  before  cutting  because  it  is  easier  to  locate  the  gauge 
against  the  clamped  straight  edge  than  against  the  edge  of  the 
sheet.  The  draw  cutter  or  scorer  is  now  used  with  the  straight-edge 
as  a  guide,  and  several  firm  but  not  too  heavy  strokes  made  until 
the  metal  is  almost  cut  through,  the  final  severance  being  achieved 
by  carefully  bending  the  sheet  up  and  down  until  it  snaps  off. 
Great  care  must  be  taken  to  avoid  any  bending  or  distortion  of 
the  embryo  tongue  and  for  this  reason  shears  or  cutting  snips  can 
never  be  employed.  In  the  case  of  the  thinner  tongues  it  is  a  good 
idea  to  interpose  a  sheet  of  plate  glass  between  the  brass  and  the 
cast  iron  slab,  since  the  latter  may  be  rough  enough  to  cause  the 
edges  of  the  tongue  to  become  crinkled  during  the  cutting.  The 
prepared  tongues  may  be  stored  for  future  use  in  long  shallow 
trays  fitted  with  cross  divisions  about  Yi  inch  apart  and  with  the 
gauge  of  the  metal  suitably  inscribed  on  each  section.  Voicers, 
however,  naturally  have  their  own  particular  systems  and  methods 
of  storage. 
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When  the  tongues  are  to  be  fitted  to  their  respective  shallots 
they  are  first  marked  out  to  the  exact  size  of  the  shallot  face  after 
which  they  are  clamped  in  a  vice  with  jaws  of  hard  close  grained 
wood  so  that  the  long  edge  projects  and  can  be  planed  with  a  small 
metal  plane.  The  tongue  when  truly  to  size  is  removed  and 
polished  on  a  flat  bed  by  means  of  fine  emery  paper  glued  to  a 
block  of  hard  wood.  Great  care  is  necessary  here  to  avoid  buckling 
the  tongue  which  is  usually  clamped  at  one  end  only  and  the 
emery  block  applied  in  one  direction,  namely  away  from  the  fixed 
end.  After  the  polishing  operation  the  tongue  is  ready  for  curving 
on  the  burnishing  block  in  the  manner  described  in  Chapter  III, 
Part  I  before  fitting  into  the  pipe. 

(2)     Tongue  Thicknesses 

The  voicer  has  first  to  determine  the  "absolute"  thickness,  i.e. 
the  thickness  he  deems  most  suitable  for  each  of  the  C  pipes  of  the 
stop  he  is  to  voice.  A  certain  degree  of  latitude  is  permissible  here 
and  with  a  given  wind  pressure  various  voicers  may  choose  differ- 
ent gauges,  the  curvature  of  the  tongue  being  adjusted  accordingly. 
There  is,  of  course,  a  limit  beyond  which,  either  way,  one  must 
not  go— a  tongue  may  be  too  thick  or  too  thin  for  a  given  note. 
It  is  the  voicer's  business  to  determine  the  optimum  gauge  for  each 
of  the  C's  in  the  scale  of  pipes  and  plot  out  the  intermediate  thick- 
nesses so  that  the  gauge  may  progress  in  a  smooth  gradation  from 
the  largest  to  the  smallest  tongue. 

TABLE  OF   TONGUE  GAUGES   FOR   3"   TO   4"   PRESSURE 


PIPE-NOTE 

TONGUE  THICKNESS 
INCHES 

S.W.G. 

PIPE-NOTE 

TONGUE  THICKNESS 
INCHES 

S.W.G. 

ccc 

0.0258 

22 

cc 

0.0183 

25 

ccc* 

0.0250 

22 

CC* 

0.0178 

26 

DDD 

0.0242 

23 

DD 

0.0173 

26 

DDD* 

0.0235 

23 

DD* 

0.0168 

26 

EEE 

0.0228 

23 

EE 

0.0163 

27 

FFF 

0.0222 

24 

FF 

0.0158 

27 

FFFI 

0.0216 

24 

FF* 

0.0153 

27 

GGG 

0.0210 

24 

GG 

0.0149 

28 

GGG* 

0.0205 

24 

GG* 

0.0144 

28 

AAA 

0.0200 

25 

AA 

0.0140 

28 

AAA* 

0.0194 

25 

AA* 

0.0136 

29 

BBB 

0.0188 

25 

BB 

0.0133 

29 
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PIPE-NOTE 

TONGUE  THICKNESS 
INCHES 

S.W.G. 

PIPE-NOTE 

TONGUE  THICKNESS 
INCHES 

S.W.G 

Ten.  C 

0.0130 

29 

g 

0.0075 

36 

c 

0.0127 

29 

g* 

0.0072 

36 

D 

0.0123 

30 

a 

0.0070 

36 

D* 

0.0120 

30 

at 

0.0068 

37 

E 

0.0117 

31 

b 

0.0066 

37 

F 

0.0113 

31 

Treb.  c 

0.0064 

37 

F* 

0.0110 

31 

c* 

0.0062 

37 

G 

0.0107 

32 

d 

0.0060 

38 

G* 

0.0103 

32 

d* 

0.0055 

38 

A 

0.0100 

33 

e 

0.0050 

39 

At 

0.0097 

33 

f 

0.0048 

40 

B 

0.0095 

33 

it 

0.0044 

41 

Mid.  c 

0.0092 

34 

g 

0.0040 

42 

c* 

0.0090 

34 

g* 

0.0036 

43 

d 

0.0087 

34 

a 

0.0032 

44 

d* 

0.0085 

35 

a* 

0.0030 

44 

e 

0.0082 

35 

b 

0.0028 

45 

f 

0.0080 

35 

c 

0.0025 

45 

it 

0.0077 

36 

Scientifically,  one  would  prepare  a  graph  in  which,  given  the 
thickness  of  the  largest  and  longest  tongue,  the  scaling  would 
follow  a  logarithmic  decrement  up  to  the  smallest  and  shortest 
tongue,  planning  the  curve  on  the  basis  of  half  measure  on  a  given 
note.  Such  a  graph  covering  5  octaves  from  CCC  is  illustrated 
in  Fig.  1 1 ,  and  it  will  be  noted  that  this  gives  the  average  thick- 
nesses of  metal  employed  for  a  wide  range  of  wind  pressure.  A 
safe  rule  for  reed  tongues  is  to  arrange  the  half  measure  at  the 
24th.  The  table  on  page  89  gives  the  thicknesses  for  each  tongue 
of  a  reed  to  be  voiced  on  three  to  four  inches  of  pressure,  from 
CCC  (16  ft.  note)  to  C  in  alt  (6  in.  note),  covering  a  range  of 
five  octaves.  The  ratio  is  half  on  the  24th  for  the  four  octaves 
from  CCC  to  treble  C,  the  top  octave  of  tongues  being  plotted  on 
a  ratio  of  half  on  the  18th,  since  these  small  pipes  require  relatively 
thinner  tongues.  The  average  reed  voicer  does  not  work  to  a 
logarithmic  scale,  nor  does  he  use  a  micrometer  for  testing  the 
gauges  of  each  and  every  tongue  cut  out  from  the  S.W.G.  sheet. 
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When  it  is  remembered  that  it  is  easily  possible  to  use  the  same 
thickness  of  tongue  for  three  consecutive  pipes  with  complete  suc- 
cess, it  is  obviously  unnecessary  to  file  each  tongue  to  tally  with 
the  logarithmic  figure!  In  the  table  on  page  89  the  S.W.G. 
numbers  are  given,  and  the  tongues  can  quite  well  be  selected 
from  these  gauges  without  being  reduced  in  thickness  to  the  theo- 
retical value.  On  the  other  hand,  the  author  of  Part  I  of  this 
book  has  a  clarinet  stop  in  his  organ  whose  tongues  are  in  strict 
accordance  with  the  logarithmic  curve.  In  the  case  of  hard  rolled 
aluminium  tongues  (where  such  are  employed?)  there  is  only  the 
one  suitable  gauge  for  a  given  pressure  of  wind  (as  the  author  has 
discovered  after  much  hard  work  spent  in  experimenting  with 
various  gauges),  but  this  material  will  never  be  popular  in  the 
trade  for  obvious  reasons  and  in  any  case  is  only  suitable  for  cer- 
tain types  of  chorus  reed. 

(3)  Shallots 

Complete  sets  of  shallots  to  suit  any  type  of  reed  stop  are  sup- 
plied by  firms  specializing  in  this  particular  line.  A  supposed  rule 
for  determining  the  relative  lengths  per  pipe  is  Yi  in.  for  every 
foot  of  resonator  length:  thus,  a  16  ft.  pipe  will  take  a  shallot  8  in. 
long,  a  8  ft.  pipe,  a  4  in.  shallot,  a  4  ft.  pipe,  a  2  in.  shallot,  and  so 
on;  but  in  practice  the  ratio  should  increase  per  octave  from  (say) 
6  in.  for  16  ft.  to  \Vi  in.  for  the  6  in.  pipe. 

(4)  Loading  Tongues 

The  effect  of  the  weight  is  to  cause  added  flexing  of  the  tongue 
at  points  7  to  9  (see  Fig.  6).  The  mass  of  the  tongue  is  also  in- 
creased while  the  area  exposed  to  pressure  differences  on  each  side 
of  the  shallot  remains  unaltered,  so  that  the  tendency  4s  in  the 
direction  of  S.H.M.  If  an  air-space  is  present  between  the  under- 
side of  the  weight  and  the  top  surface  of  the  tongue,  a  resistance 
is  set  up  due  to  the  formation  of  eddies  round  the  edge,  thus  exer- 
cising a  damping  effect  exactly  opposite  to  that  of  the  weight.  The 
degree  of  damping  depends,  of  course,  on  the  amount  of  air  circu- 
lating between  weight  and  tongue.  Since  the  effect  of  a  weight 
(of  any  kind)  is  to  slow  down  the  vibrations  and  increase  their 
amplitude— the  curve  being  adapted  for  this  purpose— it  follows 
that  (a)  the  pitch  is  lowered,  and  (b)  the  fundamental  is  amplified. 
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Certain  interesting  experiments,  conducted  by  the  author  of 
Part  I,  with  the  ten  different  kinds  of  weight  illustrated  in  Fig.  10, 
have  given  the  following  results: 

1.  All  felt  weight  (in  single  mass):  the  felt  contracts  and 
expands  vertically  during  vibration,  and  this  has  the  effect  of 
cancelling  out  certain  high  pitched  overtones. 

2.  Laminated  feltings,  with  lead  slab  on  top  layer  (as  used  by 
the  late  J.  W.  Whiteley):  the  layers  have  the  effect  of  counter- 
ing the  spring  action  of  the  massed  felting  so  that  the  higher 
overtones  are  not  attenuated  to  the  same  degree  as  with.  No.  1 . 
The  'attack"  of  the  note  is  definitely  affected,  necessitating  a 
reduction  in  the  "end  curve". 

3.  Flat  coin-shaped  circular  metal  disc  (screwed  to  tongue): 
(a)  if  so  wide  as  to  extend  some  distance  beyond  the  tongue's 
surface  on  all  sides,  this  type  allows  excessive  air  circulation 
between  weight  and  tongue,  so  that  it  is  not  easy  to  determine 
the  optimum  curve  for  the  tongue  to  produce  a  satisfactory  re- 
sult: (b)  if  of  narrower  cross-section  so  as  to  match  the  area 
of  the  tongue-head  (being  made  taller  in  order  to  preserve  the 
same  weight),  the  result  is  good,  but  a  characteristic  quality  is 
introduced  by  the  air  space  between  weight  and  tongue. 

4.  Spherical  hall-shaped  metal  hutton  (screwed  to  tongue): 
this  gives  a  very  smooth  tone  with  more  vitality  than  that  given 
by  Nos.  1  and  2. 

5.  Willis  standard  hrass  weight  (screwed  to  tongue):  tone 
characterised  by  a  strong  fundamental  plus  a  rich  harmonic 
development,  broader  than  that  of  No.  4.  The  top-heavy  cylin- 
drical head  terminating  in  a  short  conical  root  making  almost 
point  contact  with  the  tongue  ensures  the  right  proportion  of 
harmonic  content  to  fundamental. 

6.  No.  5  fitted  upside  down  and  hedded  on  a  sandwich  of 
thin  felt,  (as  employed  by  certain  voicers) :  this  gives  a  strong 
fundamental  with  a  somewhat  reduced  harmonic  content  owing 
to  the  elimination  of  the  intervening  air  space. 

7.  Circular  felt  with  small  flat  circular  lead  weight  on  top, 
(as  used  by  the  late  F.  Wesson) :  good  smooth  tone  with  strong 
fundamental,  but  lacking  vitality.  Upper  harmonics  definitely 
attenuated  by  the  "spring"  effect  of  the  felt. 
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8.  Square  or  rectangular  felting  with  flat  slab  of  lead  on  top 
(as  most  commonly  used) :  the  same  effect  as  that  of  No.  7,  no 
perceptible  difference  in  quality. 

9.  Extra  thick  felt  sloping  down  from  head  with  piece  of  lead 
inserted  inside  the  felt  (as  used  by  the  late  F.  W.  Pike) :  similar 
to  Nos.  7  and  8,  but  less  attenuation  of  harmonics,  the  vibra- 
tional mode  being  more  or  less  integrated. 

10.  No.  5  made  of  lead  instead  of  brass  (screwed  to  tongue): 
very  similar  to  No.  5,  but  with  less  vitality  owing  to  change  of 
formant.    Quality  very  good. 

Summary 

Nos.  4,  5,  6  and  10  all  give  excellent  tonal  results  with  certain 
well  defined  typical  differences  of  characteristic:    No.  9  seems  to 
be  the  best  of  the  felt  and  lead  types,  while  No.  3a  is  easily  the 
worst. 
Important  Note 

All  the  above  loads,  with  the  exception  of  No.  1  were  of  the 
same  weight  within  very  narrow  limits  so  as  to  ensure  uniformity 
of  vibrating  length  of  tongue  in  each  case.  The  tests  were  con- 
ducted with  a  G  trombone  pipe  voiced  on  8  in.  pressure.  After  the 
various  types  of  load  were  tested,  further  experiments  were  carried 
out  with  varied  curvatures  given  to  the  tongue  so  as  to  give  each 
weight  the  most  favourable  conditions  for  producing  the  best 
quality  of  tone.  For  example,  Nos.  2,  3,  4,  7,  8  and  9  all  require  a 
different  curve  from  that  which  suits  Nos.  5,  6  and  10.  The  latter 
group  had  more  end  curve  and  also  more  curve  at  points  7  to  9 
than  the  former,  while  No.  4  works  best  with  a  compromise  curve 
between  these  two.  None  the  less,  the  characteristic  of  each  type 
of  weight  is  not  appreciably  changed  by  modification  of  the  curve. 

N.  B.-H. 
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FIG.  17 

Apparatus  used  for  recording  movement  of  reed  tongue  on  prepared  cine 
film.  The  moving  film  passes  along  block  'C  which  is  advanced  by  lever 
W  until  the  film  just  contacts  the  needle  point  on  the  vibrating  tongue  of 
reed  'B\  The  trace  is  then  illuminated  by  projector  lamp  in  *D'  via  a  45  de- 
gree prism  'E'  through  enlarging  camera  T*  to  obtain  a  magnified  permanent 
record  on  bromide  paper. 
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FIG.  18 

Superimposed  reed   tongue  vibration   traces   to  check  reproducibility  of 
results  with  the  apparatus  illustrated  in  Fig.  17. 


FIG.  19 

Datum  lines  for  film  traces.  'R'  is  position  of  tongue  when  at  rest;  'S'  is 
the  relative  position  when  hard  against  the  shallot;  'E'  is  the  equilibrium 
position  taken  by  tongue  under  influence  of  wind  pressure. 
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Apparatus  for  vibrating  reed  tongue  mechanically. 
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FIG.  31 

CC     Shallots  employed  in  the  experiments  described  in  text. 
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FIG.  36 

Harmonic  Integrator  devised  by  the  Author  to  draw  curves  of  known 
harmonic  content,  both  in  respect  of  phase  and  amplitude. 
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